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THE more or less controversial literature of the muta- 
tion theory is so seattered and involved that few except 
specialists have been able to follow it with any degree of 
satisfaction. A reeent book by Gates, ‘‘The Mutation 
Factor in Evolution, with Particular Reference to Gio- 
thera,’’ will help the general biologist to an understanding 
of the situation, but even in the short time since it went 
to press there have been developments of such signifi- 
cance that I am glad of this chance to review the subject. 

The crux of the whole controversy is this: Are the dis- 
continuous variations which oceur in cultures of (éno- 
thera true mutations, which might appear either in pure 
lines or in hybrids, or are they segregates from geneti- 
cally impure lines? The mutationist and his Mendelian 
critic give diametrically opposite answers to this ques- 
tion. Some geneticists are beginning to feel that there is 
justification for taking a middle ground, that the muta- 
tions are non-Mendelian, but that they are nevertheless a 
phenomenon of hybridism, and occur only in impure lines. 

The most extensive researches upon mutability have 
been carried out with @nothera Lamarckiana. This 
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plant gives rise to mutations of two main types, those in 
which the chromosome number differs from that of the. 
parent form, and those in which it does not. The most 
striking ones belong to the former category; among them 
we need mention particularly only Gi. gigas and (. lata, 
which have, respectively, 28 and 15 chromosomes, instead 
of 14, the normal number in the species. Gates has espe- 
cially emphasized the fact that in the mutating Cinotheras 
the pairing of the chromosomes, previous to the reduce- 
tion division, is very loose, a condition that would favor 
irregularities in the distribution of the chromosomes to 
the gametes. By irregular reduction divisions, gametes 
with a greater or less number of chromosomes than 7 
might easily be formed. From these irregular gametes 
there would be derived, in turn, zygotes with irregular 
chromosome numbers. Mutationists are now pretty well 
agreed that the characters of certain mutations are corre- 
lated with an unusual complement of chromosomes. If 
one believes at all that the chromosomes provide the 
mechanism of Mendelian inheritance, it is hard to escape 
the conclusion that the cytological studies of Lutz, Gates 
and others give a firm basis for removing at least part of 
the mutation phenomena from the domain of Mendelian 
segregation. 

Even Davis, who has been one of the chief opponents of 
the mutation theory, has admitted that some of the vari- 
ants from @nothera Lamarckiana and other species are 
probably due to irregularities in chromosome distribu- 
tion. He makes the point, to be sure, that the unpaired 
condition of the chromosomes previous to reduction in 
(E. Lamarckiana is itself exceptional, and presumably the 
result of a hybrid constitution. Davis himself has shown 
that in at least one of the numerous strains of 2. grandi- 
flora which occur at the type locality of that species in 
Alabama, the chromosomes, in preparation for the reduc- 
tion division, become associated definitely and closely into 
ring-shaped pairs. Moreover, this same strain shows a 
negligibly low pollen and seed sterility. Davis views it as 
essentially a genetically pure strain, whether judged by 
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its morphology or by its physiological behavior. In 1912 
de Vries and the speaker visited the locality from which 
Davis’s strains came, and found such a confusion of dif- 
ferent types growing together that it was impossible to 
doubt that the entire ({nothera population was hybridized 
to a greater or less degree. Some of the forms belonged 
to the series of . grandiflora, being large-flowered and 
open-pollinating, whereas others were small-flowered, self- 
pollinating types, showing obviously the effects of hy- 
bridization with G. Tracyi, another southern species. It 
is curious that the particular Génothera to be put for- 
ward as probably genetically pure, judged by Davis’s 
evtologieal criterion, or by Jeffrey’s pollen test, should 
come from a locality where hybridization is so prevalent 
that one would hardly expect to find among the open- 
pollinating forms a single unhybridized plant. It will be 
remembered that Jeffrey has attacked the mutation theory 
from the point of view that pollen abortion necessarily 
indicates hybridity. By this eriterion the small-flowered 
practically cleistogamous species which self-pollinate 
generation after generation must be adjudged highly im- 
pure, although the evidence is all to the contrary. There 
is every indication that pollen abortion is a frequent con- 
comitant of mutation, as well as of hybridization. It 
seems not unlikely, therefore, that the unpaired condition 
of the meiotic chromosomes may have a causal relation- 
ship with pollen abortion as well as with the production 
of those types of mutations which have a chromosome 
number different from that of the parent species. 

It is ordinarily supposed that a mutation is determined 
when the reduction division takes place. This may be the 
ease with the mutations in which there are irregular 
chromosome numbers. Even in such eases it may be that 
the germ plasm has undergone at some other point in the 
life eyecle a premutative modification of such a nature as 
really to predetermine the kinds of mutated gametes 
which will subsequently appear. A physiological premu- 
tation might, for instance, bring about the condition 
which results directly in loose chromosome pairing, and 
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indirectly in the formation of several different types of 
mutated gametes. Many mutations are not concerned 
with such obvious changes as the shifting of chromo- 
somes, but seem rather to depend upon physico-chemical 
and chemical alterations of the germ plasm. Obviously 
some such alterations would result in physiological as 
well as morphological mutations. Just as certain mor- 
phological changes are not advantageous, or even dis- 
tinctly harmful, so certain physiological changes might be 
harmful and lead to sterility. Some premutations (and 
by a premutation I mean the inauguration of an unstable 
condition in the germ plasm) might be of such a nature 
that the nutrition of the spore mother cells would be inter- 
fered with. These might fail to develop, fail to undergo 
the reduction division or might give rise to defective 
daughter cells. 

Thus mutation, equally as well as hybridization, may 
account for sterility. There are several groups of plants 
in which sterility has apparently come about without the 
possibility of hybridization. Perhaps Davis’s genetically 
pure Qnothera grandiflora, with perfect pollen, provides 
a ease of hybridization without subsequent mutability. 
Those who assert that germinal instability comes about 
only by hybridization ean bring forward no proof of their 
assertion. Conversely, the mutationist can not prove 
that any plant in existence has had an unmixed ancestry. 
The most that he ean do at present is to show that muta- 
tion takes place in strains which are genetically pure, and 
that the purity is of relatively long standing. One can 
only conclude that Davis’s and Jeffrey’s suggested cyto- 
logical and morphological evidences of hybridity, if veri- 
fied, will merely substitute hybridization for premutation 
as a cause of germinal instability. They will not in any 
way afford support to the Mendelian conception of 
mutation. 

Nothing could be more obvious than the paths which 
are marked out for the student of the Gnothera problem 
by the interesting eyvtological clue afforded by the un- 
paired chromosomes of @nothera Lamarckiana and other 
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species. Some one must find out whether or not the un- 
paired condition oceurs in hybrids whose parents do not 
show it. Strange as it may seem, after all the discus- 
sion of hybridity as a possible cause of mutability, no one 
has yet shown, or tried to show, that mutability occurs 
in any hybrid between non-mutable parent species. This 
would seem to be one of the most crucial experiments that 
could be performed, and one of the easiest. It would be a 
very attractive problem to attempt to produce the un- 
paired chromosome condition by hybridization and then 
to prove it definitely correlated with the particular types 
of mutability which are characterized by disturbances of 
the chromosome mechanism. 

Even if it were possible in the time at my disposal to 
review the evidence that the chromosomes provide the 
mechanism of inheritance, it would hardly be necessary 
to do so. The brilliant work of Morgan and his students 
on the association in Drosophila of groups of characters 
with definite chromosomes is well known to every one. In 
(Knothera the investigations of Gates, Lutz and others 
have shown a connection between chromosome alterations 
and the characters of certain mutations so obvious that 
it can not reasonably be disregarded. 

There are still a few geneticists, however, who believe 
that the chromosome eycle has no fundamental signifi- 
cance in connection with Mendelian phenomena. Heri- 
bert-Nilsson would aseribe as much weight to a change 
from flat to erinkled leaves, to choose an example at 
random, as he would to a change from the 2x to the 4x 
chromosome number. Such an attitude is forced upon 
one who attempts to explain all mutations as Mendelian 
segregates, as this author does. He has made much of a 
ease, observed by Geerts and Stomps, in which the chro- 
mosome number of a hybrid between Gnothera gigas and 
(EL. Lamarckiana became reduced from 21 to 14, probably 
through the agency of an irregular reduction division, 
without the loss of the gigas characters. This ease is 
cited to prove that the characters of this mutation do not 
depend upon the supernumerary chromosomes. Nothing 
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is more probable, however, than that the chromosomes 
are qualitatively different, and that the gigas characters 
depend upon the duplication of some, not all, of the chro- 
mosomes. An irregular reduction division might well 
result in the retention in duplicate of those particular 
chromosomes upon which the gigas characters depend. 
The very characteristic aspect of Ginothera lata has been 
ascribed to its single supernumerary chromosome. Miss 
Lutz has shown that many mutations with 15 chromo- 
somes do not have at all the characteristic lata appear- 
ance, which must therefore be attributed to the duplica- 
tion of a particular chromosome, rather than of any 
chromosome. 

The production of mutations with irregular chromo- 
some numbers is not confined to Lamarchiana. 
Two other species have given rise to mutations with 28 
chromosomes, and in one case, that of Gi. stenomeres, the 
gigas mutation is entirely comparable in its characters 
with Gi. gigas de Vries. Its wood structure has been 
compared with that of the parent species and has been 
found to present deviations as great as those which are 
apparent in the external aspects of the two plants. The 
differences concern not only the relative size of the ele- 
ments, but also their shape, and, to a certain extent, their 
distribution. In typical stenomeres the medullary 
rays are sometimes 140 cells high, whereas in mutation 
gigas they are typically less than 25 cells high, and as 
far as we have observed, never over 50. It is very sig- 
nificant indeed that striking structural alterations in the 
most conservative tissues of a plant may be instituted by 
a single mutative evolutionary step. 

As far as the mutations with modified chromosome 
numbers are concerned, there is the best of evidence that 
the processes of mutation and Mendelian segregation are 
absolutely distinct and independent. The evidence is not 
only cytological, but also genetical, for no mutations of this 
class show Mendelian inheritance when crossed with their 
parent forms. Their significance in evolution is illus- 
trated by many widely separated groups of plants in 
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which species or genera are set apart from their allies by 
the possession of a different number of chromosomes. 
Such variations in chromosome number have been found 
in many cases among the Rosaceex, a family noteworthy 
for the complications which it presents to the systema- 
tist. Certain Japanese species of Viola exhibit variations 
in chromosome number which give a clue to the way in 
which the numerous forms of this complex genus have 
evolved. Similar variations occur among the Orchid- 
acew, one of the largest families of flowering plants. 

There remain to be considered a large number of muta- 
tions in which the chromosome complement has not been 
shown to differ from that of the parent form. Such mu- 
tations are frequent in Gnothera. De Vries has ob- 
served them in the case of Gi. Lamarckiana and more 
recently he and other workers have observed them in 
other species, belonging to the small-flowered, self-polli- 
nating portion of the genus. Jn connection with these 
mutations it will be necessary to consider more in detail 
the criticisms brought against the mutation theory by 
Bateson, Davis, Heribert-Nilsson and others. 

In the past, most objections to the mutation theory 
have been based upon the supposition that Gnothera 
Lamarckiana is a hybrid of garden origin. I am forced 
to admit that I am not satisfied with any evidence thus far 
offered that this species, in the form familiar in eultiva- 
tion, is or ever was a wild constituent of our flora. Never- 
theless I venture to predict that it will eventually come 
to light in some obscure locality and that its character as 
a natural species will be established. Whether it is a 
natural species or a product of floriculture is of relatively 
little importance, however, in view of the fact that none 
of the mutation phenomena are peculiar to it. Several 
other species are known which are equally mutable and 
which are now elements of our flora. Moreover, they are 
small-flowered, self-pollinating forms, and therefore better 
suited to mutation studies than large-flowered, open-pol- 
linating forms such as Gi. Lamarckiana, which in nature 
must frequently be hybridized. 
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Before mutation studies had been extended to other 
species of the genus from . Lamarckiana, Davis began 
a series of experiments with the object of reproducing 
the latter species as a hybrid of known origin. His first 
experiments, involving WG. grandiflora as one parent, 
were unsuccessful in producing a plant that bore more 
than a superficial resemblance to @. Lamarckiana. Some 
of the hybrids showed mutability, but none were obtained 
which did not show obvious segregation in addition to 
the mutability. Moreover, the mutations were not shown 
to have been induced by hybridization, since none of the 
parent strains were tested for constancy. <As de Vries 
suggested, the mutability was probably an inherited tend- 
ency from one or both parents. 

Later hybrids, between (Z. franciscana and CL. biennis, 
were much more successful, in that they bore a much 
closer resemblance to GZ. Lamarckiana. The writer saw 
hybrids last summer in Davis’s garden that would surely 
have been placed by any except the most ultra-critical 
systematist under Gi. Lamarckiana. They are being ear- 
ried into another generation, and the results will be looked 
forward to with much interest. A true synthetie i. La- 
marckiana must show mutability, but must otherwise 
come true from generation to generation. Moreover, it 
must give twin hybrids in certain crosses with other spe- 
cies. Even if Davis’s later hybrids fulfill these condi- 
tions, they will not demonstrate the origin of mutability 
through hybridization, for one of the parents, GZ. biennis, 
has been shown by de Vries and Stomps to be a mutable 
species, and the other, @. franciscana, has not been tested. 
To have much weight, an experiment such as Davis’s 
must show the origin of mutability de novo in a hybrid 
from non-mutable parents. 

A more recent phase of the effort to prove . La- 
marckiana a hybrid dates from the publication, in 1914, 
of a paper by O. Renner. This author proposed a simple 
Mendelian hypothesis to account for the twin hybrids and 
high seed sterilitv of Gi. Lamarckiana. It is well known 
that in this species about half of the seeds are empty or 
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do not contain normal embryos. Moreover, when crossed 
with certain species, the first hybrid generation consists 
of two types, the twin hybrids of de Vries. Renner as- 
sumes that Gi. Lamarckiana is heterozygous and that it 
produces two types of functional gametes. Its progeny 
under ordinary circumstances would therefore be ex- 
pected to consist of recessive homozygotes, heterozygotes, 
and dominant homozygotes in the familiar 1:2:1 ratio. 
He further assumes, however, that the homozygotes are 
incapable of developing beyond a young embryonic stage, 
and that the species is therefore maintained in a hetero- 
zygous condition from generation to generation. This 
simple hypothesis obviously does not account for the 
mutability of G@. Lamarckiana. It has been amplified 
with this end in view by Heribert-Nilsson, whose highly 
involved explanation of mutability from the standpoint 
of the plural factor hypothesis must receive a brief con- 
sideration. For several years this worker has busied 
himself in an attempt to demonstrate Mendelian inheri- 
tance in . Lamarckiana. In one ease he thought he had 
found simple monohybrid segregation in crosses between 
red- and white-nerved races, and announced that the 
nerve color acted as a simple Mendelian character. It 
developed later, however, that his ratios were aberrant, 
and that the progenies entirely lacked a class of plants 
homozygous with regard to the supposed dominant char- 
acter. According to Heribert-Nilsson’s interpretation, 
the progenies consisted only of heterozygotes and reces- 
sive homozygotes. The elimination of the hypothetical 
dominant homozygotes he accounted for by assuming that 
in certain cases an incompatibility, or, as he puts it, a 
prohibition, exists between like gametes. His whole hy- 
pothesis is based upon this idea of prohibition. He as- 
sumes that the assemblage of characters which we recog- 
nize in Ginothera Lamarckiana may be brought about by 
many combinations of plural factors. Any one of these 
plural factors in the heterozygous condition gives a plant 
the Lamarckiana habit, and prohibition prevents the pres- 
ence of any of them in the homozygous condition. Segre- 
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gation may lead to the production of pure recessives, 
lacking all the plural factors which give the Lamarckiana 
aspect. These recessives are the supposed mutations. 
Pure dominants, on the contrary, can not be realized. 

This, in brief, is the Mendelian explanation of muta- 
bilitv. It involves the important assumption that the 
mutations which breed true are Mendelian recessives. 
The mutations with irregular chromosome numbers have 
been shown not to belong in this category. The remaining 
mutations, for many of which the cytological data are 
lacking, may conveniently be divided into two classes, (1) 
those which come true when self-pollinated, or, at any 
rate, do not inelude the parent species in their progeny, 
and (2) those which give a mixed progeny consisting of 
the mutational and parental forms. If there is any possi- 
bility whatever that the Mendelian explanation of muta- 
bility is true, it should at least account for the first and 
simplest of these two eases. We shall therefore confine 
our attention for the moment to mutations which give a 
constant progeny. 

De Vries found that certain of the original mutations 
from Ginothera Lamarckiana were of the Mendelian type. 
These mutations are assumed by Ieribert-Nilsson to be 
recessives which have corresponding homozygous domi- 
nants, the latter being the strains of G. Lamarckiana 
which do not give rise in every generation to the muta- 
tions in question. Other mutations, isolated by Heribert- 
Nilsson himself from Gi. Lamarchkiana, are produced in 
every generation, and are therefore, according to this 
author, recessives which have no corresponding homo- 
zygous dominants. If this were the case, they would be 
recessive when crossed with Gi. Lamarckiana regardless 
of which way the cross was made. As a matter of fact, 
Heribert-Nilsson made his crosses with Gnothera La- 
marckiana as the pistillate parent, and therefore obtained 
the results which he expected. If the crosses had been 
made the other way, there is very good reason to believe 
that he would have got the most unexpected results, and 
would never have advanced his Mendelian hypothesis. 
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The speaker has recently observed, in several species of 
(Enothera other than G). Lamarckiana, the origin of a 
large number of different mutations. Several of these 
have been found to belong to the type which we are at 
present considering. That is to say, they give a progeny 
which does not contain the parent species, and the muta- 
tions themselves are produced by the parent species in 
every generation. In the case of cne mutation, described 
a vear ago as (LH. pratincola mut. nummularia, the chro- 
mosome number has been determined as 14, the typical 
number in the group. The remarkable fact about these 
mutations of Gi. pratincola, as far as work with them has 
gone, is that their crosses with the parent species are 
identical with the pistillate parent in the first hybrid gen- 
eration. Mutation pollinated with parent species vields 
the mutation. Species pollinated with mutation vields 
the species. 

This most interesting state of affairs is absolutely at 
variance with the attempted Mendelian explanation. It 
ean be understood on the supposition that two types of 
gametes are produced, which are by no means equivalent. 
One type bears most of the characters which differentiate 
the different species and forms from one another. The 
other type seems to carry characters which are likely to 
be common to a number of different species. In the par- 
ticular species which gives rise to the mutations under dis- 
eussion the gametes of the former class are female, those 
of the latter, male. Thus it follows that a mutative modi- 
fication of the germ plasm in one of these species might 
affect only characters which were borne by one of the two 
kinds of gametes. If so, we would have at once a simple 
explanation of the behavior of the mutations which give 
matroclinie crosses with their parent species. 

The same idea may readily be extended to cover the 
eases of mutations which give progenies containing both 
the mutational and the specific types. Perhaps the muta- 
tive change is a reversible one, and certain gametes in 
each generation show reversion from the mutated to the 
unmutated condition. Or perhaps in some species there 
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are male and female gametes of both types, but certain 
mutative changes are sex limited. In the following dis- 
cussion I shall designate the two types of gametes as a 
and 8 gametes. The former are those which bear the 
most distinctive specific characters of the various forms, 
whereas the latter bear the more general characters. The 
known facts seem to be accounted for if we assume that in 
fertilization the conjugation of an a with a 8 gamete ordi- 
narily takes place, but not the conjugation of two 8 gam- 
etes. In certain cases it seems that fertilization takes 
place by the fusion of two a gametes and it appears likely, 
also, that some species produce no 8 gametes. Some spe- 
cies produce a and £ gametes of both sexes. Others do 
not seem to do so. It sometimes seems to be the case that 
the female gametes are all a. When a mutation takes 
place the modified character is perhaps Mendelian if it is 
borne by both a and £ gametes, but non-Mendelian if it 
affects only the a gametes of a species in which fertiliza- 
tion takes place by the fusion of an a with a B gamete. 

This conception of non-equivalent gametes has been 
highly developed by de Vries, in a somewhat different way 
from that outlined above. It has many obvious advan- 
tages in explaining the nothera situation. It explains 
seed sterility as well if not better than the Mendelian 
hypotheses of Renner and of Heribert-Nilsson, hypotheses 
which are based of course upon the idea of gametic equiv- 
alence. It explains why certain reciprocal crosses are 
alike, and others unlike, why some of them breed true, 
whereas others show segregation, why certain crosses 
vield twin hybrids, and why the twins are, respectively, 
matroclinie and patroclinic. It also explains other com- 
plications which are quite unintelligible from a Mendelian 
standpoint. I would by no means give the impression that 
there are not many phenomena which remain obscure, but 
I do wish to emphasize very strongly that a flood of light 
is thrown upon the @nothera situation by the conception 
of non-equivalent gametes. 

By way of illustration, let us consider for a few mo- 
ments the phenomenon which I have called mass mutation. 
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Mass mutation differs from ordinary mutation only in 
that the mutations, instead of being produced in small 
numbers, are produced in very large numbers. For ex- 
ample, the frequency of mutations in (F. Lamarckiana, 
which shows ordinary mutability, is roughly 2 per cent. 
In certain strains of i. Reynoldsti and CL. pratincola, on 
the contrary, the number of mutations rises to 50 per 
cent., or even 100 per cent., of the progenies. According 
to Mendelian conceptions, it is impossible to get extracted 
recessives in a progeny in excess of 334 per cent., and in 
order to get this many we must grant the elimination by 
prohibition of the corresponding dominants. What shall 
we say, then, of progenies containing 499 mutations out 
of 500 plants, a condition which has actually been realized 
in my cultures of @. pratincola? It is impossible to in- 
voke the elimination of a large class of typical plants, for 
the typical zygotes are known to be stronger and better 
fitted to develop than the mutational zygotes. My own 
explanation is that most of the female germ cells of . 
pratincola are a gametes and the male, 8 gametes. The 
phenomenon of mass mutation consists in the wholesale 
production of modified a gametes, a’, wv”, a”, a”, ete., each 
of which corresponds to a different mutation and has 
characters which impress a distinctive habit on the zygote 
which is formed by fusion with an unmodified 8 gamete. 
In accord with this hypothesis the reciprocal crosses be- 
tween mutation and parent species are matroclinic. Mu- 
tation pollinated with species gives mutation. Species 
pollinated with mutation gives species. 

Mention has already been made of the mutations which 
by self-pollination give progenies containing both the mu- 
tational and the specifie types. If the mutation is cross- 
pollinated with pollen from the specifie type, the progeny 
is a mixture of two types, just the same as if self-pollina- 
tion had occurred. On the contrary, if the specifie type 
is pollinated by the mutation, only the specifie type 
occurs in the progeny. Here, it seems, we have a case 
where the modification which results in the production of 
a’ instead of a gametes is reversible. Cases of this kind 
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Heribert-Nilsson refers to (I give a literal translation) 
as ‘‘heterogamous combinations which are recessive only 
in the female gametes, but in the male gametes continuously 
heterozvgous.’’ As far as I can interpret this vague 
statement at all, it involves a decidedly unique concep- 
tion, namely, that the individual 2% mutation embodies 
two different kinds of germ plasm, a homozygous female 
germ-plasm which will give one kind of cells when the 
reduction division takes place, and a heterozygous male 
germ-plasm, which will give two kinds of cells. I think 
that no one will be inclined to adopt this altogether revo- 
lutionary and useless hypothesis. It is by no means cer- 
tain, after all, that the mutations which show the type of 
inheritance in question do not belong to the class with 
irregular chromosome numbers. With one exception they 
have not been examined eytologically. Cnothera lata, a 
mutation which shows this tvpe of inheritance, has 15 
chromosomes. Consequently there is an opportunity for 
the formation of two kinds of gametes, with 7 and 8 chro- 
mosomes, respectively. The male gametes with 8 chro- 
mosomes appear to be eliminated. As a result, zygotes are 
formed with7 + 7—14 and 8+ 7—15chromosomes. The 
former are 2. Lamarckiana, the latter are Qi. lata. This 
beautiful correlation of cytology with inheritance has 
been worked out by Gates and Thomas. 

In either event, whether the mutations which throw the 
specific type in every generation have a regular or an 
irregular chromosome number, the mutation hypothesis 
provides a far more plausible explanation for their be- 
havior than the Mendelian hypothesis. 

It must be clear by this time that the speaker finds 
incredible the arguments that have been brought forward 
in favor of the idea that mutation and Mendelian segre- 
gation are the same. Doubtless it often happens that a 
mutated germ cell fuses with a typical germ cell and pro- 
duces an ordinary Mendelian heterozygote. If the mu- 
tated character is recessive, and the dominance is com- 
plete, the first hybrid generation will of course resemble 
the parental type, and the second hybrid generation will 
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show simple segregation. The mutation will appear for 
the first time in 25 per cent. of the progeny. De Vries has 
recently reported that the dwarf mutation from @nothera 
gigas is of the simple recessive Mendelian type. We must 
believe, in a case of this kind, that the factor whose modi- 
fication results in dwarfness is present in all gametes. It 
does not follow, however, that the gametes are all equiva- 
lent with respect to the factors for other characters. 

In connection with the discussion of Davis’s hybrid: 
which resembled Gt nothera Lamarckiana | mentioned that 
the mutability shown by them was probably inherited 
from one or both parents. There seems to be some scepti- 
cism about the inheritance of mutability as a character. 
Much of my own experimental work of the last two vears 
has involved 2. pratincola, a mutable species which has 
already been refered to several times. ‘There is another 
species from the same locality which is rather closely 
allied to @. pratincola, but differs in enough regards so 
that the hybrids between them can be studied with great 
satisfaction. The second species, G2. nwmismatica, is im- 
mutable, as far as my experience extends. At any rate it 
is very much less mutable than @. pratincola. The cross 
pratincola CE. numismatica gives twin hybrids, one 
of which is exactly like the pistillate parent except in one 
minor pubescence character. The reciprocal cross, 
numismatica < CE. pratincola, is to all outward appear- 
ances the same as the pistillate parent. We have here a 
most striking case of matroclinie reciprocal hybrids. I 
am inclined to believe that most of the differences between 
the two species reside in the a gametes and that the 8 
gametes are essentially similar. In accord with this hy- 
pothesis nothing could be more interesting than to find 
that the pratincola-like hybrid is mutable, and produces 
the same types of mutations that @. pratincola itself does. 
This result, it seems to me, is of the highest significance. 
It indicates that the germ plasm of @. pratincola is in a 
labile condition, and that this condition is not modified 
when a zygote is formed by the fusion of its a gamete with 
the 8 gamete of a different and stable, or at least relatively 
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stable, species. We could hardly find better proof that 
such mutations in Hnothera involve the a gametes, and 
are apparent in the zygotes without the need of subse- 
quent segregation because the factors involved have no 
counterparts in the ® gametes. 

The same crosses, however, afford evidence that certain 
characters are carried by both a and 8 gametes, and may 
therefore prove to show Mendelian segregation. The buds 
of . numismatica have a short viscid pubescence which 
is lacking in @. pratincola. The matroclinie hybrid @. 
pratincola * GE. numismatica ean be distinguished from 
the pistillate parent only by the presence of this hair-type, 
inherited from the pollen parent. When the second hybrid 
generation is grown, segregation with regard to this char- 
acter takes place, and part of the progeny can not possibly 
be distinguished from CL. pratincola. 

In these results we have a clue to the segregation shown 
in certain hybrids, and the lack of it in others. Most of de 
Vries’s hybrids have involved @. Lamarckiana, a species, 
according to my interpretation, with very dissimilar a and 
B gametes. He has therefore obtained and described 
many measurably constant hybrids. Davis, however, 
studying @. grandiflora, which may conceivably have but 
one type of gametes, has found segregation the rule 
rather than the exception. In his later studies, involv- 
ing @. franciscana and . biennis, he has obtained twin 
hybrids within each of which there was a considerable 
degree of segregation. All of these varying results will 
eventually become coordinated as we become more used to 
distinguishing between non-Mendelian and Mendelian 
characters. 

Another point which must be mentioned is the fre- 
quence with which the various types of mutations give 
rise to one another. For example, two mutations of @. 
pratincola, mut. nitida and mut. fallax, each give rise to 
plants of mut. nuwmularia, which are as typical as though 
they had been derived directly from C2. pratincola. As 
already brought out, some mutations appear to be re- 
versible in that they revert to the parent species in part 
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of every progeny. The germ plasm seems to be a system 
capable of existing in several different states of equi- 
librium. Some of these equilibria may be thought of as 
stable, others as metastable, others as labile, to borrow 
terms from the physicist. The germ plasm of different 
species may undergo parallel transformations, resulting 
in parallel variations. All who have dealt with the spe- 
cies of large genera know that oftentimes the same series 
of variations turns up in one collective species after 
another. Many characters have arisen independently, at 
so many points in different lines of descent, that they 
have no phylogenetic significance whatever. 

It seems to the speaker that the @nothera situation is 
clearing up. More and more evidence is accumulating 
which shows that although the phenomena are complex, 
they are orderly. Probably no two of the workers on the 
(Hnothera problem look at it from the same point of view. 
In this paper I have not hesitated to state freely my 
present working hypotheses. Next vear they may have 
changed, to fit new facts. Even now there are data at 
hand which do not accord with the best hypotheses I have 
been able to formulate, but neither do they accord with 
any others. Under the circumstances, one should not 
draw conclusions of too sweeping a nature. It may con- 
fidently be stated, however, that the appearance of muta- 
tions in GQnothera is not due to Mendelian segregation, 
and that the Mendelian method of attack has been utterly 
fruitless. It is freely admitted that the mutation proc- 
esses themselves are hardly understood at all, and that 
further work must decide whether or not mutation is 
always or ever conditioned by previous hybridization. 

Bateson has recently described the genetical behavior 
of the rogues which occur in certain varieties of peas. 
Although he does not suggest that these strange forms 
are mutations, his evidence would tend to convince a mu- 
tationist that they are. Would it not be a strange turn of 
fate if Bateson, the leader of the Mendelian school and 
critic of de Vries, were destined to discover mutations of 
a non-Mendelian type in the very genus which provided 
Mendel with the material for his classical researches? 
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INTRODUCTION 


Mopern students of genetics such as Baur, Kast, Mor- 
gan, Emerson, and others classify all variations in ani- 
mals and plants into three general categories on the as- 
sumption that organisms are made up of unit factors, in 
the same way that a chemist thinks of rocks and minerals 
as being composed of elements. These three categories 
of variation are: 


1. Variation resulting from changes in environment. 

2. Variation due to ‘‘loss’’ or ‘‘gain’’ of new factors 
through crossing. 

3. Variation due to mutation. 


Tue PRoBLEM 


The present paper has to do largely with data on vari- 
ations in Piswm belonging to the first and second cate- 
gories mentioned above. An attempt is being made defi- 
nitely to work out the Mendelian or factorial constitution 
of the genus Pisum with reference to all those characters 
by which its few species and numerous varieties are dis- 
tinguished. In order satisfactorily to accomplish this 
object, all or nearly all the known varieties of the genus 
Pisum must be considered. In this paper only the inheri- 
tance of cotyledon color is considered. Further papers 

1 Published as Brooklyn Botanic Garden Contributions, No. 10. These 
studies on the genetics of Pisum are being carried on in collaboration with 
the Office of Forage Crop Investigations and the Office of Horticultural and 
Pomological Investigations, U. S. Department of Agriculture. Based in 
part on a paper given at the Twentieth Anniversary Celebration, New York 
Botanical Garden, September 9, 1915. 
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will deal with other characters and the modifications of 
various characters through crossing. 

Of more than two hundred and fifty varieties and spe- 
cies upon which the writer has been conducting experi- 
ments, the great majority have seeds which in the mature 
condition possess yellow cotyledons, but in such an array 
of varieties, it was soon noticed that the shades of vellow 
varied from a light greenish yellow to that of a deep 
orange. Roughly one could divide these forms with vel- 
low cotyledons into light and deep yellows, but any one 
particularly ‘‘keen’’? on forming a series showing con- 
tinuous variation, could easily grade the varieties so as 
to present a series without breaks from light greenish 
vellow to deep orange yellow. <All the wild varieties and 
species so far examined have yellow cotyledons, which 
favors the assumption that yellow cotyledon is the oldest 
color character. Many of the cultivated varieties and es- 
pecially the so-called blue ‘‘ field peas’’ such as Wisconsin 
Blue and Prussian Blue and the majority of those known 
as ‘‘garden peas’’ have green cotyledons when the seed 
is mature. What has been stated regarding the grada- 
tions of color in yellow cotyledon varieties is equally true 
of those with green cotyledons. . Roughly classified, there 
are dark and light green forms, but the various varieties 
can be arranged in a continuous series representing every 
shade from very dark green to light vellowish green. 

Among the numerous green and yellow cotyledon varie- 
ties, when grown under the same environment, there are, 
however, many varieties to which certain distinct shades 
of either green or yellow are peculiar. Some varieties 
have characteristically deep orange cotyledons, others 
have light yellow cotyledons, and still others breed true 
to the shades between these two extremes. With the group 
of green cotyledon varieties, the same state of affairs 
holds true. Classification of yellows and greens is still 
further complicated because some varieties with light yel- 
low cotyledons grade into the light greens and vice versa, 
even though both are grown under the same conditions. 
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The following table (Table I) gives the names of varie- 
ties of greens and yellows representing the classes dark 


TABLE I 


VARIETIES OF PISUM CLASSIFIED ACCORDING TO SHADES OF COTYLEDON COLOR 
WHEN GROWN UNDER THE SAME CONDITIONS 


Yellow Cotyledons 


Variety Stock Source 
Orange Black-Eyed Marrowfat 14 Vaughan Seed Co. 
yellow | First of All 22 P. Henderson & Co. 
Petit Pois 25 P. Henderson & Co. 
Spiite Gold 29 Haage & Schmidt 
Henderson’s Perfection Sugar 60 P. Henderson & Co. 
Agnes 147 S.P.1. 22036 
Admiral 159 S.P.I. 29323 
Khaba 176 S.P.I. 20380 
Yellow Mummy 1 H. Eckford, Wem, Eng. 
White Marrowfat 23 P. Henderson & Co. 
Elephanten Si Haage & Schmidt 
Wachs Schwert 32 Haage & Schmidt 
Gold von Blécksberg 34 A. D. Darbishire 
*P. Jomardi”’ 40 Cambridge (Eng.) Bot. Gard. 
P. elatius 41 Cambridge (Ing.) Bot. Gard. 
Prosperity aA P. Henderson & Co. 
Pois zéant sans parchemin 107 Vilmorin & Cie 
Abyssinian Black 132 S.P.1.,2 Dept. of Agriculture 
Pisum formosum 137 H. Winkler 
Openshaw 208 S.P.1. 25439 
Archer 209 S.P.1. 22037 
Light Goldkénig 30 Haage & Schmidt 
yellow Pisum humile ? 33 A, Sutton 
Benton 138 S.P.T. 18396 
Killarney 150 S.P.1. 22078 
Khauaka 165 8.P.1. 31808 
Green Cotyledons 
Variety Stock No- Souree 
Green to Alaska 15 Vaughan Seed Co. 
light green Telephone 26 P. Henderson & Co. 
to yellow- Laxtonian 27 P. Henderson & Co. 
ish green Acacia (wrinkled) 38 W. Bateson 
Everbearing 62 P. Henderson & Co. 
(Fade Yorkshire Hero 65 Thorburn & Co. 
easily) Duke of Albany 93 Sutton & Sons 
Hundredfold 97 Sutton & Sons 
Alfred 140 S.P.I. 12888 
Blue Prussian 154 S.P.I. 19787 
Yellowish Acacia (wrinkled) 38 W. Bateson 
green Duke of Albany 93 Sutton & Sons 
Hundredfold 97 Sutton & Sons 
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Dark Market Split Pea 35 New York City Markets 


green Acacia (Smooth) 39 W. Bateson 
Velocity 59 Vaughan Seed Co. 
Braunschweiger 88 Haage & Schmidt 
French Grey 149 S.P.1. 27003 
Rosenberg 161 S.P.1I. 10274 
Alaska 193 S.P.1. 29366 
Scotch Beauty 198 S.P.I. 27004 
Wisconsin Blue 207 S.P.I. 22049 

Green Express 20 A. D. Darbishire 

Nott’s Excelsior 21 P. Henderson & Co. 
Aldermann 28 Haage & Schmidt 


yellow, vellow, light yellow, dark green, green, light green, 
and yellowish green, when these varieties are all grown 
under approximately the same conditions. Any one can 
distinguish between dark green and dark yellow, but one 
well acquainted with the color of cotyledons in Pisum 
would have difficulties in distinguishing between light yel- 
lowish greens and light yellows. The classification made 
is admittedly arbitrary, though based on the same sort of 
acquaintanceship with these colors as that of a nursery- 
man with varietal differences in bulbs or varietal charae- 
ters in leafless nursery trees. The point which it is de- 
sired to emphasize by the foregoing remarks is that these 
shades of cotyledon color are distinctly varietal charae- 
ters, and are always characteristic of the respective vari- 
eties when these varieties are all grown together under 
any one of the several specific? environments in which the 
pea cultures at the Brooklyn Botanie Garden have been 
grown. 


Tue Revation or HNVIRONMENT TO CoTYLEDON CoLoR 

One other perplexing factor enters into the study of 
cotyledon color in Pisum—the difficulty of being certain 
that all varieties under observation mature their seed 
under as nearly as possible identical environments, a 
factor that many geneticists experimenting with other 
plant forms are prone to neglect. Some varieties of peas 

28.P.1. stands for Office of Foreign Seed and Plant Introduction, U. S. 
Department of Agriculture, to which I am very much indebted for help 
in collecting varieties and species of the genus Pisum. 

3 These environments will be described in detail in a later paper. 
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gradually change from green to yellow when maturing, 
while others appear to change very suddenly, but only if 
plenty of sunlight and no over-supply of moisture is 
present. This is particularly true of some of the deep 
orange varieties, such as Spiite Gold (P 29). The seed 
of this variety remains very dark green until the general 
appearance of the vine leads you to suppose it is ripe, but 
if plenty of sunlight is present and not too much moisture, 
and the pods are allowed to remain for a few days, the 
dark green changes to a very deep orange, and this deep 
orange is characteristic of Spite Gold when grown com- 
mercially. 

With the green cotyledon varieties, one is bothered by 
fading of the green to a sort of washed-out yellow in 
many varieties, if the vines are not harvested at exactly 
the right time. Express, Velocity and many of the 
wrinkled sorts (see Hurst, 1904) are particularly subject 
to change under these conditions. 

The above mentioned difficulties regarding the proper 
maturing of pea seed have been considered quite fully by 
3ateson, Darbishire, Lock, Tschermak and other workers 
in genetics. Hurst (1904) and Lock (1905) particularly 
have studied the tendency of certain varieties such as 
Telephone with green cotyledons to fade easily, even when 
harvested carefully, but left exposed to light. Bateson 
and Kilby (1905, p. 58) have studied the so-called ‘‘pie- 
bald’’ peas (peas with green or yellow cotyledons partly 
spotted or tinged with both colors) and find them to 
largely result from environmental conditions such as 
failure to ripen properly or from bleaching after ripening. 
‘*Piebald’”’ peas are characteristic of certain varieties of 
peas, in which the green fades much faster upon exposure 
to light or moisture or to both than in ordinary green 
cotyledon types. ‘‘Piebald’’ peas of one pod, according 
to Bateson and Kilby, are always tinged on the same sur- 
face. Injuries causing the death of the cotyledon tissue 
(Bateson, 1905) (Tschermak, 1902) also are a cause of 
yellow spots on peas from green cotyledon varieties. 
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THe PIGMENTS oF CoTyLEDON CoLor In PisuM 


Bunyard (see Darbishire, p. 1381) has shown that both 
yellow and green cotyledon varieties have a yellow and a 
green pigment in their cotyledons when the seed is im- 
mature, but the yellow cotyledon varieties possess a fac- 
tor (an enzyme perhaps), which causes the green pigment 
to fade on the maturity of their seeds. Thus green pig- 
ment is epistatic to yellow pigment, since, when both are 
present, only the green is in evidence. 


THE GENETICS OF CoTYLEDON CoLor IN PIsSuM 


Historical 


As early as 1729, according to Darwin (1876, I, p. 428) 
white (yellow cotyledon) and blue (green cotyledon) peas 
were found in the same pod and these results were under- 
stood to be due to chance crossing. Wiegmann, Goss 
(1824) and others observed that varieties of Piswm breed- 
ing true to blue peas when crossed with pollen from vari- 
eties breeding true to white peas, always showed a direct 
and immediate effect of the pollen parent. Girtner 
(1849) and later hybridists incorrectly regarded this 
phenomenon as xenia, believing that tissues of the parent 
generation were affected so that the color of the seed was 
changed. The fact that the change in color was due to an 
embryonic character of a new hybrid generation seems 
never to have occurred to them. The true significance of 
these facts were never understood by Knight, Goss, Girt- 
ner, nor any of the hybridizers before Mendel’s time. 
Knight distinguished between cotyledon colors and seed 
coat colors, and Goss and others had observed practically 
everything regarding crosses between green cotyledon 
and yellow cotyledon peas except the numerical propor- 
tion of one to the other in the F,, generation. Darwin 
(1876, p. 348) mentions some observations of Masters, 
which, if authenticated, show a complex state of affairs 
in the inheritance of cotyledon color, since Masters claims 
to have obtained both yellow (white) and green (blue) 
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peas from a certain pea plant and when these two kinds 
were planted separately each continued to produce the 
two kinds through four generations, that being as far as 
the experiment was carried. In the light of the data I 
present below his observations may be correct, he having 
possibly secured one of the yellow forms such as I have 
found. 

Mendel (1865) found when peas with yellow cotyledons 
were crossed with green cotyledon forms that the first 
generation offspring all had yellow cotyledons, but each 
one of these yellow cotyledon F, plants produced F, 
seeds, approximately three fourths of which had yellow 
cotyledons and one fourth green cotyledons. Hither color 
of parent could be used as the seed or female parent, and 
the result was the same. Further, the F. greens in F, 
only produced greens, while the F, yellows when planted, 
in some cases gave only vellows, in other cases both vel- 
lows and greens in the proportion of 3Y:1G. The actual 
data by which Mendel supported these statements are as 
follows: fifty-eight crosses on 10 plants were made, and 
in every case, yellow was dominant to green in the F, 
generation of these crosses. 258 F, plants produced 8,023 
I’, seeds of which 6,022 were yellow and 2,001 had green 
cotyledons, an actual ratio of 75.1 yellow to 24.9 green or 
3.01 Y:1G. Mendel is careful to eall attention to the wide 
variability in the ratio of yellows to greens when the F, 
peas of each F', plant are considered separately, the vari- 
ation ranging from 382 Y:1G on one plant to 20Y:19G 
on another. Between these extremes, there were some 
among the 10 F, plants of which he gives the ratios, that 
closely approximated the theoretical 3:1 ratio. I call 
attention to this great variability that Mendel found be- 
cause some geneticists of late, apparently not having 
noted that Mendel himself observed these same facts, 
have referred to this as a new phenomenon. Only aver- 
age ratios from large numbers were considered by Men- 
del, as small numbers tended to obscure the significance 
of the facts. Of the 8,023 F., seeds secured by Mendel, 
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519 seeds with yellow cotyledons were used to grow an 
F, progeny. Of these, 166 F., seeds bred true or pro- 
duced only seeds with yellow cotyledons, while 353 pro- 
duced both yellows and greens in the proportion of 3Y:1G. 
303 to 166 gives a ratio of 2.13 to 1. Mendel (p. 327) 
especially calls attention to the difficulties involved in 
classifying the two colors of seeds, and notes, as I have 
done in the preceding paragraphs, that the seeds of pure 
green varieties and of segregate greens, have a tendency 
to bleach, another fact that several critics of Mendelian 
methods seem to have overlooked or forgotten. 

Mendel’s work has been substantiated by a large num- 
ber of trained investigators, as well as by a host of teach- 
ers and amateurs. The results for cotyledon color in 
Pisum obtained by seven well-known geneticists are given 
below (‘Table II). 

TABLE II 


Hybrid Generation Observer Yellow Green 


of Green 
Mendel 6,022 2,001 24.9 
Correns 1,394 453 24.5 
Tschermak 3,580 1,190 24.9 
Bateson 11,903 3,903 24.7 
Hurst 1,310 445 25.4 
Lock 1,488 514 26.2 
Darbishire 1,089 354 24.9 
Correns 1,012 344 25.5 
Tschermak 3,000 959 24.2 
Lock 3,082 1,008 24.6 
Darbishire 5,662 1,856 24.7 
Powrth:. Correns 225 70 23.7 
Lock 2,400 850 26.1 


These results approximate very closely the ratio of 
3 Y:1G demanded by Mendel’s theory. Darbishire (1913, 
p. 62) in testing out 140 F, progeny with yellow coty- 
ledons, secured 98 F., plants heterozygous for green and 
vellow cotyledons, and 42 breeding true or homozygous 
for vellow cotyledons, a proportion of 2.3 heterozygous 
I, plants to 1 homozygous F, vellow. Many varieties 
gathered from all over the world were used in these 

4 These data are taken from Darbishire (1913). 
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studies and all gave similar results. With these facts 
before us, there can be no denying the validity of Men- 
del’s law as regards inheritance of cotyledon color in 
Pisum. The criticism has sometimes been made that the 
F, segregate yellows and greens were a little less green 
and a little less yellow owing to the association of the 
unit factor materials of the two pigments in the F, genera- 
tion. In other words, segregation was not complete; the 


TABLE IIIa 
CROSSES OF DOMINANT YELLOW WITH GREEN (F, GENERATION)6 


Cotyledon Color 


Crosses Yellow Green 
Total actually obtained ........... 1,647 543 
Total—theoretically expected ...... 1,642.4 547.5 
Ratio (theoretical) ................ 75 yellow25 green 
Ratio (actually obtained) ......... 75.2 yellow 24.8 green 


6 Pedigree numbers such as —1, —2, ete., following the pedigree stock num- 
ber of the variety as, e. g., P28-1 refer to plant numters. P28-1, e. g., 
is progeny plant No. 1 of stock variety P28. P28-1-1 is plant No. 1 of 
the second generation from pure inbred stock P28. The seed or maternal 
parent in a cross is always given first, e. g., P28-1? K P29-1 g. 
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determiner for green pigment was not able to produce as 
dark a green in F’, green segregates as in peas of the 
green cotyledon parent race. This is true undoubtedly 
in some few cases, but in still others, Hurst (1904), Darbi- 
shire (1913) and myself have been unable to find any dis- 
tinction in shading by comparing the segregates with the 
grandparental seeds of both colors. In those cases where 
there has been found a difference, the observers probably 
failed to take into account all the environmental factors. 


New Data 

In my own investigations’ on the heredity of cotyledon 
color, the F, and F,, generations from over 79 crosses in- 
volving combinations of 40 varieties and species of Piswm 
have given results similar to those secured by other work- 
ers except in the case of crosses involving a variety of 
German pea, ‘‘Goldkénig,’? obtained from Haage & 
Schmidt. The data for most of these crosses are given 


in Tables IIla, IIe. 


TABLE IIIb 
CROSSES OF DOMINANT YELLOW AND RECESSIVE YELLOW (F, GENERATION) 7 


Cotyledon Color 


Crosses 
Yellowish 


Yellow Green Green 
Total—actually obtained................... 457 87 22 
| 109 
Total—theoretically expected...................459.2 yellow : 106.2 green 


5 All varieties of peas have been inbred for at least two generations and 
all the ordinary precautions against differentiating environmental factors, 
insect pollination, etc., in use by geneticists have been employed. 

7 The investigations of Mendel, Bateson, Lock, Tschermak and others 
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TABLE 


Cross OF GREEN X RECESSIVE YELLOW (F, GENERATION)8 


Cross Yellow or Yellowish Green 

(P21-15-1 X P30-A-2)-1 ......... 2+1? 12 
(P21-15-1 P3@—A-2)-2 ......... 4+ 1? 22 
(P30-5-4 P38-20-1)-1P ........ 15+ 1? 30 
(P30-5—4 X P38-20-1)-2P ........ 15 13 + 4? 
(P30-5-4 K P38-20-1)-1 ......... 2+ 2? 16 
(P30-5-1 XK P38-20-1)-1 ......... 7+ 1? 26 
(P35-9-1 K P30-5-4)-1 ........... 1 6 
(P35-9-1 K P30-5-4)-2 ........... 4 29 
(P35-9-1 XK P30-5-4)-3 ........... 1+ 1? 8 
(P35-10-2 X P30-5-6)-1 .......... 1 12 
(P35-10-2 X P30-5-6)-2 .......... 1+1? 26 
(P35-10-2 K P30-5-6)-3 .......... 0 10 

Total actually obtained, 326.... 70 256 

Total theoretically expected .... 81.5 244.5 


The variety ‘‘Goldkénig’’ breeds true to yellow coty- 
ledons and wrinkledness. When crossed with varieties 
breeding true to green cotyledons, the F, generation was 
invariably green. In most of the crosses, the seed parent 
was the green variety, but reciprocals have been obtained 
in two eases. 

The crosses were: 

Goldkénig Acacia and reciprocal 
Goldkonig & Market Split Pea and reciprocal 


have always shown cotyledon color in peas to be inherited independently 
of roundness and*wrinkledness of cotyledons. The data given in Tables 
IIIb and IILe give reason to believe there is linkage or partial coupling 
involved. Round yellow X wrinkled yellow (Goldkénig) gives practically 
only three classes in F.—round yellow, wrinkled yellow, and round 
green, All four classes appeared in only one cross, where a single 
wrinkled green was obtained. Round green X wrinkled yellow (Gold- 
konig) gave all the expected classes except round yellow, which was absent 
from the IF, progeny of all the eight crosses examined. Wrinkled yellow 
(Goldkénig) X wrinkled green and reciprocal gave wrinkled yellows and 
wrinkled greens approximating the expected ratio. 

8 The cotyledon colors of the peas concerned in Takles IIIb and IIIc 
were for the most part independently determined by two separate people, 
and these determinations when compared, differed but slightly, and only in 
very few cases. For help in these determinations, I am indebted to Mr. 
Montague Free of the Brooklyn Botanic Garden staff. 
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Nott’s Excelsior Goldkonig 
Aldermann Goldkénig 

Seotch Beauty Goldkonig 
Sutton’s Main Crop < Goldkoénig 


An F, generation has been grown from the first three 
of these crosses with the results (see Table IlIc) ap- 
proximating a ratio of 3G:1Y or the reverse of the com- 
mon result. Practically all of the green seeds are distinct 
greens, but among those classed as yellows are several 
doubtful cases, and these are marked questionable. An 
F, generation is being grown which will decide whether 
I have erred in considering these doubtful cases as yellow 
cotyledon peas in which the greenish color results pos- 
sibly from lack of enough sunlight during the ripening 
period. 

When the ‘‘Goldkénig’’ yellow was crossed with other 
varieties having yellow cotyledons, the F', progeny all had 
yellow cotyledons, but in the I’, generation, a certain pro- 
portion of peas with distinetly green cotyledons appeared, 
the F, ratio in the progeny of the ten different F', plants, 
showing considerable variation, but averaging 13 yellow 
seeds to 3 green seeds, provided all vellows having any 
considerable amount of green pigment are classified as: 
greens. The number of I’, generation progeny obtained 
was small, totaling only 566, of which 457 had yellow 
cotyledons, 87 distinctly green cotyledons and 22 seeds 
had yellowish green cotyledons. <All were grown under 
conditions insuring their maturity, but under these con- 
ditions (greenhouse cultures) the amount of moisture 
present is such as possibly to eause some of the true 
greens to bleach. Further justification for classifying 
the 22 doubtful greens as true greens comes from the fact 
that all the varieties having vellow cotyledons used in 
these crosses with the exception of Goldkénig are varie- 
ties with distinetly bright yellow cotyledons, which grown 
under the same conditions and often side by side with the 
crosses, never show any green coloring matter in the coty- 
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ledons of their mature seeds. The crosses of dominant 
vellow with Goldkénig were: 


“Pisum Jomardi’’ Goldkonig 
Goldkénig ‘‘Mummy Pea’”’ 
Goldkonig & Wachs Schwert 
‘*Pisum. elatius’’ Goldkénig 
First of All x Goldkonig 

Gold von Blécksberg Goldkénig 
Spite Gold Goldkénig 

Benton Goldkénig 


All the yellows other than Goldkénig yellow gave the 
ordinary Mendelian ratios when crossed with varieties 
having green cotyledons. No greens were obtained from 
crosses between varieties having yellow cotyledons, other 
than those with Goldkoénig. 


THEORETICAL INTERPRETATION 


Interpreted in Mendelian terms the above data are 
brought into accord with other data on the inheritance of 
cotyledon color in Pisum by regarding all varieties of 
peas, both with yellow and with green cotyledons, as pos- 
sessing a factor for yellow pigment (Y), while the domi- 
nant yellow varieties possess a factor for green pigment 
(G) and a factor (1) which causes the green pigment to 
fade on the maturity of the seed. The German variety 
‘*Goldkonig’’ may be regarded as lacking both the factor 
for causing green pigment and the factor for causing that 
pigment to fade on the maturity of the seed, while the 
green varieties lack only the factor (I). Green pigment 
masks yellow pigment, hence may be regarded as epi- 
static to yellow pigment. 

Regarded thus: 


(1) YYGGII—dominant yellow varieties 


(2) YYggii—recessive yellow varieties 
(3) YYGGii— green varieties 
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Crossed with each other these give: 
(1x 2) =YYGegli (F,) yellow, (F,) 13Y:3G 
(1x3) =YYGGHi (F,) yellow, (F.) 3Y:1G 
(23) =YYGgii (F,) green, (F.) 1Y:3G 


The hereditary substances responsible for yellow pig- 
ment, of course, have not been isolated and may take the 
form of more than one factor, but I have represented 
these as Y, to make my interpretation clearer. The essen- 
tial point in the interpretation is that all the hereditary 
differences in cotyledon color in Pisum so far discovered 
may be pictured as due to the presence or absence of tw 
genetie factors. 

TABLE IV 
FacTORIAL COMPOSITION OF F, PLANTS OF THE THREE CROSSES AND THE 
APPEARANCE OF THE PROGENY 


Dominant Yellow X Recessive Yellow and Reciprocals 


Ratio 13 Y:3G Character of Progeny 
Y¥YGGH Breeds true to yellow cotyledons 
2 YYGGH ......3 Y:1G 
9 yellow 
: 2 YNGOUE oo. Breeds true to yellow but heterozygous for G 
AVV 13 Y¥:3G 
Breeds true to green cotyledons 
3 green 
3 yellow reeds true to yellow cotyledons 
Breds true to yellow but heterozygous for I 
yellow 1 Breeds true to yellow cotyledons 


Dominant Yellow X Green and Reciprocals 


F2 Ratio 3Y:1G Character of F3 Progeny 
Breeds true to yellow cotyledons 
-green Breeds true to green cotyledons 
Recessive Yellow X Green and Reciprocals 
F2 Ratio 1Y:3G Character of F3 Progeny 
1 yellow 1 YYggii ....... Breeds true to yellow cotyledons 
Breeds true to green cotyledons 
3 green r, 


Regarded thus, the F’, plants of all crosses so far made 
in Pisum, involving cotyledon color, can be represented 
by the gametic formule given in Table ITV. The char- 
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acter of the F, progeny, providing this interpretation of 
the facts regarding cotyledon color in Pisum holds, is 
also indicated in this table. | 

Additional data on the inheritance of cotyledon color 
in Pisum will be given in a succeeding paper. 


CoNcCLUSIONS AND SUMMARY 


Variation in cotyledon color in Pisum belongs to all 
three of the categories of variation mentioned in the fore- 
part of this paper, although there are no definite data as 
regards the origin of the green cotyledon and the ‘‘re- 
cessive’’ yellow cotyledon varieties. 

1. Variations in cotyledon color due to environment 
are: 

(a) Yellow cotyledon varieties producing ‘seeds with 
green cotyledons, because of immaturity, absence of suf- 
ficient sunlight, excess moisture at the period of ripening 
of the seed, ete. 

(b) Green cotyledon varieties, especially those with 
wrinkled seeds, producing seeds which fade or bleach to 
yellow or yellowish green owing to excess of moisture and 
sunlight after the seed has matured. 

2. Variations due to innate or hereditary differences 
probably arising as mutations are: 

(a) Different degrees or intensities of yellow and green 
coloring in the different varieties of Pisum. These differ- 
ent intensities are characteristic of particular varieties 
when all varieties under consideration are grown under 
approximately the same environment. 

3. Hereditary distinctions as regards cotyledon color 
in Pisum may be represented by the presence and absence 
of two factors, a factor (I) causing green pigment to 
fade when the variety matures its seed, and a factor (G) 
causing the production of green pigment. All varieties 
of Pisum so far experimented with, have vellow pigment 
in their cotyledons and the determiner or determiners re- 
sponsible for this pigment may be graphically repre- 
sented by (Y). As the presence of green pigment masks 
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yellow pigment, green may be regarded as epistatic to 
yellow. 

4, The majority of varieties with yellow cotyledons 
when crossed with varieties having green cotyledons, 
have yellow cotyledon F, offspring, the F, generation 
breaking up into yellow and green cotyledon plants in the 
ratio of 3Y:1G. 

The yellow cotyledon variety ‘‘Goldkénig’’ when 
crossed with green cotyledon varieties has green coty- 
ledon F, offspring, in F’, giving a ratio of approximately 
1Y:3G, just the reverse of the ordinary result. 

‘‘Goldkonig’’ crossed with other varieties having yel- 
low cotyledons has yellow cotyledon |", offspring, in F, 
giving a ratio of approximately 13 yellow seeds: 3 green 
seeds. 

With these facts in view, ‘‘dominant yellows’’ may be 
represented by the formula YYGGII, ‘‘recessive yellows’”’ 
(Goldkénig) by the formula YYggii, and green cotyledon 
forms by the formula YYGGii. These formule account 
for all the facts so far discovered in experiments on the 
inheritance of cotyledon color in Piswm, except the data 
on linkage or coupling, referred to in page 539, note 7. 
These results will be discussed when more data are 
available. 
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THE RESULTS OF FURTHER BREEDING 
EXPERIMENTS WITH PETUNIA 


EDITH R. SAUNDERS 


LECTURER, LATE FELLOW, NEWNHAM COLLEGE, CAMBRIDGE, ENGLAND 


In view of the present discussion on the inheritance of 
doubleness in Petunia! and pending further investiga- 
tion of the evidence in favor of an explanation based 
wholly or in part upon selective sterility such as has been 
described by Geerts? for nothera Lamarckiana, by 
Belling’? for the Velvet ‘‘Bean’’ (Stizolobium deeringi- 
anum and other species) and by East‘ for species of Nico- 
tiana, it seems desirable to make available the further 
results of the breeding experiments which have been car- 
ried out since the publication of the earlier data in 1910.5 
The two main facts established by the earlier work were 


(1) That singles of the cultivated forms of P. violacea, 
P. nyctaginiflora and of various garden strains 
(Countess of Ellesmere, hybrida grandiflora and 
others) give only singles when self-fertilized or 
crossed with pollen of other singles. 

(2) That these same singles give a mixture of singles and 
doubles in F', when crossed with the pollen of a 
double. 


The later experiments carried out on the same lines and 
with the same kind of material have considerably widened 


1¥Frost, ‘‘The Inheritance of Doubleness in Matthiola and Petunia,’’ 
Am. Nat., Vol, XLIX, No. 586, p. 623, Oct., 1915; also Saunders, ‘‘Selec- 
tive Partial Sterility as an Explanation of the Behaviour of the Double- 
throwing Stock and the Petunia,’’ Ibid., Vol. L, No. 596. 

2‘*Beitrige zur Kenntniss der Cytologie und der partiellen Sterilitiit von 
nothera Lamarckiana,’’ Recueil des Trav. Bot. Néerl., Vol. 5, 1909. 

3‘«The Mode of Inheritance of Semi-sterility in the Offspring of Certain 
Hybrid Plants,’’ Zeitsch. f. ind. Abst. u. Vererbungslehre, Bd. XII, Heft 
5, p. 303, 1914. 

4‘«The Phenomenon of Self-sterility,’’ Am. Nat., Vol. XLIX, No. 578, 
p. 77, Feb., 1915. 

5 Saunders, ‘‘Studies in the Inheritance of Doubleness in Flowers,’’ I. 
Petunia. J. of Genetics, Vol. I, No. 1, p. 57, 1910. 
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the basis upon which these generalizations rest; while the 
fact that mixed F', families have now been obtained in the 
case of a new wild form as well as with one nyctagini- 
flora individual raised from wild seed, though not prov- 
ing that the second statement would invariably hold good 
for singles of each of these two species, certainly in- 
creases the probability that this may be found to be the 
case. 

With respect to these more recent experiments I was 
able in 1911 to obtain a larger series of counts than had 
been possible heretofore. For the opportunity to carry 
out the work on this larger scale I was much indebted to 
Professor Bateson, who kindly had some 5,000 plants 
grown for me at the John Innes Horticultural Institution. 
The results may be summarized shortly as follows: 

Seven crossbred singles out of matings in which the 
four strains mentioned above were variously combined, 
were self-fertilized. Only singles were obtained, viz., 
1,200, 123, 89, 73, 33, 32, and 12 in the different families. 
Total 1,562 singles. 

Fifteen singles were tested by crossing and pollen from 
8 doubles was used to fertilize them. The single parents 
included 


One violacea plant (commercial material, new stock). 

Twelve F, plants the offspring of 4 singles (Countess 
of Ellesmere) which had been crossed with pollen 
from various doubles (hybrida grandiflora). Among 
these 12 were 4 of those which had yielded all-single 
families when self-fertilized. 

One hybrida grandiflora plant derived from a mating 
between two singles each of which was the offspring 
of a single crossed with pollen from a double. 

One F, plant derived from an F, single out of the mating 
nyctaginiflora X hybrida grandiflora (double), the 
F, plant having been crossed back with another 
double. 

Thus doubleness was known to have been introduced 
into the pedigree only once in the case of the first-men- 
tioned (violacea) seed-parent, thrice in the case of the 
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last (F,) plant. In the remaining 13 cases it was intro- 
duced twice,—in consecutive generations in the case of 
the group of 12 plants, with the skipping of a generation 
in the remaining instance. Families were raised from 
each of these 15 plants and doubles occurred in them all. 
The numbers obtained, as was to be expected from the 
more extended scale of the experiments, indicate a more 
uniform proportion of singles and doubles than was ap- 
parent in the earlier results. In many families the num- 
bers clearly suggest a ratio of equality; in a few, how- 
ever, there was a considerable excess on the side either of 
the singles or of the doubles. No connection could be 
traced between the proportion of doubles obtained and 
the number of times doubleness was introduced into the 
‘pedigree. The numbers in each family are shown below 
where the 15 seed-parents are indicated by the capital 
letters A to O and the pollen parents by the small letters 
a to h. 


3 2 2 3 2 2 2 | a | 3 2 
x1 x1 x] xT x | x| x] x] x 
F; | 
27 104,74 19 27 99 58 53 250 237148 63 103113 78 
are 36 63! 67 47 22.100 56 51 256'207 42) 65) 63.106 
Fi | | 
25 188 23/58 15 34/20] 25/38 51 52/17 1,999 
Doubles... 10125178 14 29) 17130/13 39/15 1,837 


gested by Frost,® by a condition of partial selective ster- 
ility can hardly be profitably discussed until further 
microscopic investigations have been made, but that this 
explanation forms a part, though possibly not the whole, 
of the explanation appears highly probable. At the time 
it seemed advisable to postpone further breeding until 
wild material was available for comparison. Though 
repeated efforts have been made to obtain seed of wild 
plants, they have, in the ease of P. violacea, been so, far 
quite unsuccessful. In the course of 1912 and 1913 how- 


6 Loc. cit. 


How far these proportions are determined, as sug- 
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ever, through the assistance of the authorities at Kew 
and of Sir Reginald Tower in Argentina, to whom I am 
much indebted, seed was obtained of wild plants of P. 
nyctaginiflora and also of two new unnamed wild forms 
(species, both white-flowered), all of which had been col- 
lected most kindly by M. Thays, director of the Botanic 
Garden at Buenos Aires. <An entirely new stock of 
double material differing in nature as well as in origin 
from that previously employed was also now available. 
This was raised from 
(1) seed of a plant exhibited at the Conference on Genet- 
ies held in Paris in 1911, which had some flowers 
double and others apparently of a normal single 
structure. This plant had appeared in the grounds 
of the establishment of MM. Vilmorin-Andrieux et 
Cie at Verriéres-le-Buisson. Some seed harvested 
from the single flowers, together with a small 
quantity obtained from the doubles was later most 
courteously forwarded to me by Dr. Haagedoorn; 
(2) seed sent to me by Mrs. Francis of Ventura, Cali- 
fornia, of an interesting new strain of seed-produc- 
ing doubles which she had succeeded in raising.® 


The South American seed samples gave plants of uni- 
form type in the case of the two new forms, each presum- 
ably being a distinct species. One of the two (referred to 
below as P.x.), the seed of which had been collected in 
Cordova, was crossed with pollen from a double raised 
from the seed of one of the single flowers on Haagedoorn’s 
half-and-half plant, and also with two seed-giving doubles 
of the Ventura strain. Each F, family showed a mixture 
of singles and doubles. In the case of the former cross a 
large number of semi-double plants with the supernu- 
merary petaloid structures small or few in number, were 
also obtained. The numbers recorded are given on page 
502. 

These 5 seed-parents as well as other individuals tested 
proved quite self fertile and set a good quantity of seed 
when self-pollinated. 


7 For an account of this strain see Mrs. Myrtle Francis [Shepherd] on 
‘*Doukle Seeding Petunias,’’ J. of Heredity, Oct., 1915. 
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Single 
Double Parent Fi 


Flowers Magenta 


White Flowers Magenta 
Singles double Doubles 
1.... Descendant of Haaged»orn’s plant... . 15 54 23 
5 | 32 | 4 
Flowers Rose Pink Flowers White with Dark Tube 


Thus we have evidence that in a third species (for as 
such there seems good ground for regarding this wild 
type) doubles appear in F, when a cross is made with a 
double form. The behavior in this respect of the other 
new form has not yet been ascertained. 

With regard to P. nyctaginiflora the seed of which was 
collected from Punta Ballena, Maldonaldo (Uruguay), it 
was noticed that the plants were not entirely uniform in 
color, some showing a very definite tinge of purple on 
the outer side of the flower tube, others scarcely a trace. 
Similar variations had also been observed in the original 
(1906) commercial material. Whether this variability is 
normal to the species or is an indication of crossing is 
not certain. It is somewhat remarkable that in this 
original material all the 8 individuals tested proved to be 
self fertile and yielded abundance of seed, whilst six 
self-pollinated flowers on three of the Uruguay plants 
taken at random did not yield a single seed. It seems un- 
likely that this result could be due to accident, or to a 
difference of conditions due to the fact that the 1906 
plants were grown in the open, whereas the individuals 
grown from the wild seed were kept in pots in a cool 
house. Indoor treatment had not been found to affect the 
fertility of the other strains, and it is hardly likely that it 
did so here; but this point is now being verified. Only 
one Uruguay plant was crossed with pollen from a double 
(Ventura 2). From this cross the same result was ob- 


No. 597] EXPERIMENTS WITH PETUNIA 558 


tained as with the commercial material. - /', was mized, 
the numbers recorded being 225 singles and 113 doubles. 

So far, then, the material employed has furnished no 
exception to the statement that singles crossed with the 
pollen of doubles yield some doubles in F', though breed- 
ang true to singleness when self-fertilized or pollinated by 
other singles. 

Unfortunately very little evidence is yet available as to 
the results of using the double plant as the seed-parent. 
Haagedoorn’s plant was of an exceptional character and 
the Ventura plants, though more typical, showed con- 
siderable sterility. Only 5 plants were raised from the 
seed sent by Mrs. Francis. These were all double. Only 
one individual was obtained by self-fertilization of these 
plants and this was also double. <A cross with a single 
(Countess of Ellesmere) produced only one offspring and 
this plant was lost before flowering. It is however hoped 
by a repetition of this mating to obtain an F, generation 
which will throw further light on the relation of the 
double to the single. 


The following information received from Professor 
Bateson concerning a.cross made at the John Innes 
Horticultural Institution by E. J. Allard unfortunately 
only came to hand after the above account had been for- 
warded for publication. In the mating in question a 
nyctaginifiora plant, one of a batch raised from a sample 
of the same wild seed as that from which my own plants 
were grown, was crossed with pollen from a pink-flowered 
double, a florist’s highly cultivated type of plant. More 
than 20 plants were raised in F, and all were single. If 
we consider this number large enough to be taken as con- 
clusive we should have in this experiment an exception to 
the results hitherto obtained and summed up in the gen- 
eral statement formulated above. We must then suppose 
that there exist in these Petunia forms certain singles and 
doubles the relation between which is such that double- 
ness completely disappears in the F, generation obtained 
from a cross between them. 


INHERITANCE OF SEX IN THE GRAPE! 


W. D. VALLEAU 


SEecTION OF Fruit BREEDING, UNIVERSITY OF MINNESOTA EXPERIMENT 
Sration, St. MINNESOTA 

Srvce the discovery of Correns in 1907 that in Bryonia 
the staminate plants produce two kinds of gametes with 
respect to sex, and the pistillate and hermaphrodites only 
one, great advances have been made in the study of sex 
inheritance. 

Shull (1910, 711, 714) has shown that in Lychnis dioica 
also the staminate plants are heterozygous for the sex 
genes, while the pistillate ones are homozygous, but that 
the hermaphrodites are heterozygous for the determiner 
for femaleness and for the hermaphrodite condition. 
These hermaphrodites were apparently developed from 
staminate plants as they bear only partially developed 
pistils in many flowers, and further, the factor for narrow 
leaves is linked with the determiner for the hermaphro- 
ditic condition, while in the normal males it is linked with 
that for maleness, as pointed out by Shull. Apparently 
the determiner for femaleness is carried suppressed and 
linked with the determiner for maleness in the staminate 
plants. 

A simpler case of sex inheritance than either of the 
above is that of the sweet pea in which Bateson has shown 
that genotypically three kinds of plants may be produced ; 
namely, the normal hermaphrodites, which produce only 
hermaphrodites when selfed, the pistillates bearing conta- 
bescent anthers, which when pollinated with pollen from 
the normal hermaphrodites produce the third type, which 
is phenotypically the same as the normal hermaphrodites. 
These when selfed produce hermaphrodites and pistillate 
plants in a 3:1 ratio, showing them to be heterozygous for 


1 Presented before the Society for Horticultural Science, Ohio State Uni- 
versity, December, 1915. 
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the hermaphrodite and female determiners, and showing 
further that in the sweet pea only one dose of maleness 
is necessary for the production of functional stamens. 

Similarly in many animals, it has been proved by 
Wilson, Morgan and others that the males are hetero- 
zygous for the sex determiner and the females homo- 
zygous, and that this condition is correlated with the pres- 
ence of two chromosomes in the female which are distinct 
from the others and which they called the ‘‘X’’ bodies, 
while in the male only one may be present, or if there are 
two, the second is sometimes smaller and is spoken of as 
the ‘‘Y’’ body. Occasionally the X and Y bodies may be 
of equal size and the supposition that they are different 
is based upon inheritance studies. 

The reverse of the above mentioned condition may 
exist, as in Abrazxis, pigeons, cultivated fowl, etc., in 
which the males are apparently homozygous for the sex 
determiner and the females heterozygous. 

Strasburger found that in Bryonia there were two 
chromosomes which were larger than the others and 
thought that these might carry the determiners for sex. 

A great deal of evidence has recently been collected 
which points to the chromosomes as being the carriers of 
factors and as many factors have been shown to be linked 
with sex, it seems safe to conclude that certain chromo- 
somes carry the determiner for sex. If this is the case, 
then in the hermaphroditie plants it must be assumed 
that the determiners for maleness and femaleness are 
linked or carried in the same chromosome; otherwise 
there would continually be produced not only hermaph- 
rodites but staminate and pistillate plants as well. 

The trend of development in many plant groups seems 
to be toward the production of a diecious condition by the 
suppression of the stamens in one set of individuals and 
of the pistils in another. As an instance of this may be 
cited the strawberry, in which staminate, pistillate and 
perfect flowers are produced. The grape and maple and 
many other plants show a like suppression in varying 
degrees. 
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Because of the number of flower types, and the fact 
that most of our cultivated grapes are only one or two 
generations from the wild, they would seem to furnish 
ideal material for the study of sex inheritance. 

Two types of vines are found in the wild, those produc- 
ing functionally pistillate flowers, but bearing reflexed 
non-functional stamens, and those producing functionally 
staminate flowers, but bearing suppressed pistils. 

We have then apparently a transitional form, in the 
ease of the grape, from a hermaphroditic condition such 
as is found in the apple, in which the male and female 
determiners are apparently linked, to the strictly diecious 
forms, as ashes, willows, ete., in which the determiner for 
maleness is completely suppressed in the sex chromosome 
bearing the determiner for femaleness, and the female 
determiner is completely suppressed in the chromosome 
bearing the factor for maleness. 

On this hypothesis we would assume that in the fune- 
tionally pistillate grape flowers the suppression of male- 
ness has begun and evinces itself in the production of 
reflexed stamens bearing non-functional pollen, 7. e., lack- 
ing germ pores (Dorsey, 1913) and containing degenerate 
generative and vegetative nuclei embedded in apparently 
normal cytoplasm? (Gard, 1913). The period of degen- 
eration of the nuclei is not at all definite. Rarely, the 
microspore nucleus does not divide. In some cases de- 
generation takes place directly following the microspore 
division, in others one nucleus only will degenerate at this 
time, and in still other cases the two nuclei will appear 
normal at the time of dehiscence (Dorsey, 1913). Beach 
(1899), Booth (1902) and Hedrick and Anthony (1915) 
have shown from pollination and germination tests that 
occasionally a few pollen grains borne in reflexed stamens 
are entirely functional. There is an apparent lack of 
suppression of maleness, occasionally, which allows the 
development of these normal grains. 

Similarly it might be assumed that in the staminate 


2 Pollen of this type should not be confused with abortive pollen which 
is often produced in hybrids. 
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flowers suppression of the female determiner has taken 
place. Booth (1902) and Dorsey (1912) have shown that 
in practically all staminate grape flowers suppressed 
pistils are found. In some eases under cultivation and in 
rare instances in the wild state, the suppression of pistils 
is less marked and fairly well developed to perfectly de- 
veloped pistils are formed. On individual plants occa- 
sionally all gradations from staminate to functionally 
hermaphroditie flowers are found. 

A third type found under cultivation but which is ex- 
tremely rare in the wild, is the functional hermaphrodite 
bearing all hermaphroditic flowers. A discussion regard- 
ing the probable origin of this type will be taken up later. 

Although breeding work has been carried on for the 
past twenty-five or thirty years in this country with the 
grape, apparently little attention has been given to the 
inheritance of the various flower types, although a knowl- 
edge of sex inheritance would be of much value to the 
breeder. In 1914 Anthony published valuable data on sex 
inheritance in the grape, but gave no satisfactory inter- 
pretation of the results. In 1915 the data again appeared 
in more detail (Hedrick and Anthony, 1915), and, as no 
further attempt was made to interpret the results, the 
writer wishes to present the following as a probable ex- 
planation of sex inheritance in the grape, or at least as a 
working hypothesis for the interpretation of further 
results which may be obtained. 

For the reason that in diecious plants there are appar- 
ently definite determiners for maleness as well as female- 
ness, while in animals it is supposed that males are pro- 
duced when only one dose of the sex determiner is 
present, while females are produced if two doses are 
present, it seems well to use different symbols to designate 
the sex determiners of plants from those of animals. 
Therefore, those suggested by Shull (1914, p. 293) in 
which ‘‘the female is assumed to be a neutral homozy- 
gote,’’ will be used in the following discussion, namely 
FF to represent a female and FM to represent a male. 
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The hermaphrodites would then be designated as FFM 
or simply as FH. It will be seen from the following dis- 
cussion that the only formulation which will meet the 
conditions is that which assumes the female to be a neutral 
homozygote. 

In the above mentioned paper on the ‘‘Inheritance of 
Certain Characters of Grapes’’ (Hedrick and Anthony, 
1915) the authors have concluded that the results ob- 
tained on inheritance of sex do not conform to the ex- 
planation of sex inheritance dependent on one sex being 
considered heterozygous and the other homozygous for 
sex determiners. It appears, however, that by using the 
hypothesis of partial suppression of sex determiners, the 
condition in the grape would be in accordance with the 
assumption of a homozygous condition for femaleness in 
the functional females, a heterozygous condition for male- 
ness and femaleness in the functionally male plants, and 
a heterozygous condition for femaleness and hermaph- 
roditeness in some of the hermaphrodites, while others 
would be homozygous for the hermaphrodite determiners. 
The authors based their conclusions upon the supposition 
that the hermaphrodites bearing upright and those bear- 
ing reflexed stamens were of a single type genetically, and 
produced only hermaphrodites and no females when 
crossed. This assumption seems erroneous. 

Using the formule suggested above, let us apply them 
to the data given by the authors, which are as follows: 


U X U3 =180U 4+ 47R 
U selfed = 673 U + 152 R 
Uselfed= 18U+ OR 


RX R3= 16U+16R 
Rselfed= 94U+73R 


Total... 871U + 199R Total..... 110U + 89R 
Ratio. 4.3U : 1R Ratio... = IR 
Rx U=207U + 206R 
Ratio.... 1U : 1R 


U xR} 


Hermaphrodite female X pure male=56 hermaphrodites + 51 males. 


3¢*The pollen parent is always placed last.’’ ‘‘U’’ refers to hermaphro- 
dites bearing upright stamens which are usually functional. R refers to 
hermaphrodites bearing reflexed stamens which rarely produce functional 
pollen. 
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In the following discussion the term ‘‘female’’ will 
refer to the plants bearing morphologically perfect 
flowers but having reflexed stamens, the pollen of which 
is not functional. ‘‘Hermaphrodite’’ refers to those 
bearing perfect flowers, the stamens of which are upright 
and produce functional pollen. ‘‘Male’’ refers to those 
plants bearing staminate flowers. 

The expectation from the cross ‘‘U x U”’ (hermaph- 
rodite FH x hermaphrodite FH) would be 3 hermaph- 
rodites: 1 female (FF); the hermaphrodites being of 
two types, viz. 2 FH:1 HH. This ratio is very closely 
met in the figures 180 upright and 47 reflexed. ‘‘U 
selfed’’ should give the same proportions and these are 
closely approached in the figures 673 upright and 152 re- 
flexed. This assumes the production of homozygous 
hermaphrodites (HH), which, when either selfed or 
crossed with other types, produce only hermaphrodites. 
Apparently the two hermaphrodites which produced 18 
hermaphroditie seedlings only, when selfed, are of this 
genetic constitution. At the Minnesota Experiment Sta- 
tion four hundred seedlings of Beta, open to cross pollina- 
tion, produced only hermaphroditie flowers; indicating 
that Beta must be homozygous for the hermaphrodite 
determiners.* 

The crosses ‘‘R R”’’ and ‘‘R selfed’’ (female FF 
female FF), producing both hermaphrodites and females, 
might be explained on the hypothesis already given, viz., 
that of partial suppression of the determiner for male- 
ness in the chromosome bearing the determiner for 
femaleness. 

It has already been pointed out that in the pistillate 
flowers bearing reflexed stamens, a series of pollen condi- 
tions, ranging from those in which the microspore nucleus 
does not divide, through those in which the generative 
nucleus aborts directly after the microspore division, to 
those in which a few normal functional pollen grains are 


4In Lychnis dioica Shull has shown that homozygous hermaphrodites are 
never produced. 
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produced, has been found. This very evidently shows 
that variation in the amount of suppression of the de- 
terminer for maleness takes place in the determiner for 
sex of these normal grains. This normal pollen when 
used to pollinate pistillate flowers should give, in some 
eases, females bearing reflexed stamens and in others 
hermaphrodites, depending upon the extent to which sup- 
pression of maleness is lacking in the chromosome bear- 
ing the sex determiners of these normal pollen grains. 

From the cross ‘‘R x U’’ (female FF « hermaphrodite 
HF) should be expected females (FF) and hermaphro- 
dites (HF) in the proportion of 1:1. This ratio is met 
exactly in the cross ‘‘*R x U’’207 upright and 206 
reflexed. 

The following analysis, kindly furnished me by Mr. 
Anthony of the New York State Agricultural Experiment 
Station, of the cross ‘‘hermaphrodite female x pure 
male’’ which produced ‘‘56 hermaphrodites + 51 males,’’ 
shows that both hermaphrodites and females were used as 
the female parent and that three kinds of males were 
used, namely, wild males, males one generation from the 
wild and ‘‘intermediates’’ (males bearing occasionally a 
few well developed pistils). 


Upright Reflexed | Males 


Hermaphrodite X< wild male if 6 9 
Hermapkrodite X male (1 generation from wild)’........; 15 | 0 14 
Female X male (1 generation from wild)5............... 10 3 e 
Hermaphrodite X intermediate (origin unknown)....... 6 | 4 15 
Female X intermediate (origin unknown)............... 0 | 1 3 

38 | 14 48° 


The various combinations will be considered separately. 
The cross hermaphrodite (FH) x wild male (FM) pro- 
duced 7 hermaphrodites, 6 females and 9 males, somewhat 
approximating the expected ratio of 1 female (FF) : 1 


5 The result of hermaphrodite X wild male. 

6 These totals do not quite coincide with those given in the published data, 
as the parents of 7 of the vines were not certainly known and are therefore 
omitted. 
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hermaphrodite (FH) : 2 males (FM) and (MH). The 
male MH is an entirely new genotype but apparently can 
exist as shown by the next cross, in which a hermaphro- 
dite was pollinated by a male derived from this cross, 
Fifteen hermaphrodites, no females and 14 males were 
produced, the expected ratio being (if a male of the type 
HM were used) 2 hermaphrodites (HF and HH) : 2 
males (MH and MF). If a normal male of the constitu- 
tion FM had been used on a hermaphrodite of the con- 
stitution HF we should expect to have produced 1 her- 
maphrodite (HF) :1 female (FF) :2 males (HM and FM). 
No females were produced. Again we might assume that 
the hermaphrodite used was of the constitution HH and 
that a normal FM male was used. In this case we should 
expect a 1:1 ratio of hermaphrodites and males as before, 
but in this ease all of the males would be of the new type 
HM. It seems, therefore, that the production of this new 
male genotype (MH) must be admitted. Further evi- 
dence for the production of males of this type is produced 
in the cross female (FF) x male (one generation from 
wild) which produced 10 hermaphrodites, 3 females and 
7 males. If the males used had been of the normal type 
FM only females and males could have been expected, as 
are found under wild conditions, and no hermaphrodites. 
If a male of the type HM were used, however, the expected 
ratio would be 1 hermaphrodite HF : 1 male FM. The 
presence of three females, although not expected, from the 
cross FF « HM ean be readily explained, as it has already 
been pointed out that the males ‘‘one generation from the 
wild’’ are of the two genotypes FM and HM, but of one 
phenotype, and therefore could not be distinguished at 
the time of pollen collection. 

The cross hermaphrodite < intermediate (origin un- 
known) which produced 6 hermaphrodites, 4 females and 
15 males, throws some light on the genetic constitution of 
these intermediates and incidentally upon the suppression 
of femaleness. Observations on a number of ‘‘inter- 
mediates’? produced at the Minnesota Fruit Breeding 
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Farm showed that certain clusters of a vine may be 
entirely staminate, while others of the same vine con- 
tain all gradations from staminate to functionally per- 
fect flowers, many of which are capable of setting fruit. 
There is very evidently a suppression of femaleness in 
certain parts of these plants and not in others. This 
raises the question as to whether pollen from the pure 
staminate clusters can transmit only determiners for 
maleness and femaleness, or whether they are able to 
transmit the hermaphrodite condition. Mr. Anthony in- 
forms me that the pollen used in the above cross was 
‘‘most certain to have come from such blossoms”’ (7. e., 
from pure male clusters). If the two types of gametes 
produced by these flowers bear the determiners H and F. 
respectively, the cross hermaphrodite x intermediate 
should produce hermaphrodites and females in a 3:1 
ratio and no males, while if these male flowers function 
as normal males and the gametes produced carry the 
determiners F and M respectively, a ratio of 1 hermaph- 
rodite (HF) : 1 female (FF) : 2 males (HM and FM) 
would be expected. <A close approximation to this ratio 
was actually produced. 

The cross female (FF) x intermediate which produced 
1 female and 3 males, gives further evidence that the 
staminate flowers of the intermediate vines do not pro- 
duce gametes bearing the hermaphroditic determiner, but 
act as pure males. Otherwise the appearance of the 
three males can not be explained.?. Although the number 
of vines produced from this cross is small, still the appear- 
ance of the three males is extremely significant. 

It has already been pointed out that in the wild there 
are two types of vines, male and female, and that under 
cultivation a third type, the functional hermaphrodite, is 
common. We are now in a position to discuss the pos- 
sible origin of these types. It is clear that both the 
staminate and functionally pistillate vines carry the de- 
terminers for femaleness and maleness, respectively, 


7 Anthony (1914) pointed out the fact that the pollen from these inter- 
mediates ‘‘seems to behave as the pollen of a pure male.’’ 
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partially suppressed and therefore, there are two possi- 
bilities with regard to the origin of functional hermaph- 
rodites. (1) Maleness may express itself fully in one 
of the chromosomes bearing the determiner for female- 
ness in a pistillate plant, and (2) femaleness may express 
itself fully in the chromosome bearing the male de- 
terminer in the staminate plant. I think it ean be said 
definitely that functional hermaphrodites have been de- 
veloped in both of these ways. The production of her- 
maphrodites from the cross female « female can hardly 
be explained on any other basis than entire lack of sup- 
pression of maleness in certain gametes bearing the female 
determiner, while the appearance of well-developed pistils 
in a few flowers of certain male vines must be the result 
of lack of suppression of femaleness in at least a portion 
of the somatie cells of these males. 

As there is an apparent segregation in the somatic 
tissue of these vines, whole clusters and occasionally all 
clusters on a cane being staminate while others hear 
many intermediate and perfect flowers, it seems logical to 
assume that the perfect flowers can transmit the her- 
maphroditie condition to some of their seedlings through 
both the male and the female gametes, resulting in either 
homozygous or heterozygous hermaphrodites, all of whose 
flowers are perfect. 
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ON PRIMARILY UNADAPTIVE VARIANTS! 


JOHN TREADWELL NICHOLS 
AMERICAN Museum or Naturau Hisrory 


Tuts paper deals with vertebrate variants (forms or 
species of animals more or less related but differing from 
one another) which, although geographical, are not 
direct or obvious responses to the environment. 

Several types of variants are defined. Representa- 
tive forms occupying adjacent regions are designated as 
adjacent races or species: Forms intermediate in struc- 
ture between adjacent forms and occupying territory 
remote from them as foreign intermediates: Related 
forms occupying the same territory and contrasted in 
superficial characters as complements: Forms separated 
geographically and showing greater resemblance (not in- 
duced by environmental adaptation) than their degree 
of relationship would presuppose, as outcrops. 

The hypothesis is advanced that, probably on account 
of competition, closely related forms are antagonistic.” 
That is, when in touch geographically they tend to-force 
one another apart in superficial characters. If this 
hypothesis, which seems to fit into certain known facts 
extremely well, be accepted, it involves a centrifugal 
force in Evolution opposed to the centripetal tendencies 
of blood relationship. 

It is the main theme of the paper to advance the con- 
cept of these two forces as the fundamental framework 
of evolutionary control, the helm which is swayed by 
natural selection or other forces. 

Larus marinus (the great black-backed gull), which 

1 Paper read before the Section of Biology of the New York Academy of 
Sciences, February 14, 1916. 

2See Darwin, ‘‘Origin of Species,’’ p. 57. ‘‘We can dimly see why the 
competition should be most severe between allied forms, which fill nearly 
the same place in the economy of nature.’’ 
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breeds in the north and reaches our latitude only in 
winter, finds its nearest relative not in an equatorial 
species, but in Larus dominicensis of the southern hemi- 
sphere, below 10° south latitude. This bird is more or 
less of an intermediate between Larus marinus (the 
great black-back), and Larus fuscus (the lesser black- 
back) which oceurs with the former in Kurope and is 
represented by allied forms eastward to the Pacific coast 
of North America, the mantle of dominicensis is very 
dark as in the larger bird; its size about that of the lesser 
ones. These are four in number—Larus fuscus occurs 
in Europe east to the Dwina, Larus affinis from the 
Dwina eastward across Asia, Larus schistisagus in 
northern Japan and Bering Sea, Larus occidentalis on 
the west coast of the United States. The four birds of 
this series are most readily separated by size and pro- 
portions of feet. Affinis resembles schistisagus in the 
former, fuscus in the latter; schistisagus resembles affinis 
in the former, occidentalis in the latter. That is affinis 
and schistisagus are more or less intermediates struc- 
turally between the species they separate geographically. 
For convenience we will call them ‘‘adjacent intermedi- 
ates’? as opposed to dominicensis which we will call a 
‘foreign intermediate’’ between marinus and birds of 
fuscus group. 

A species of vertebrate animals distributed over a wide 
geographical area often varies in the different regions it 
inhabits sufficiently to be separable into different inter- 
grading races. Ordinarily no two of these races from 
the very nature of their origin will be found inhabiting 
the same region, sometimes they mingle in migration. 
Often these races are in direct response to different en- 
vironmental conditions, but sometimes this response 
‘an not be traced. Such races form a series comparable 
to the gulls of the Larus fuscus group, and we may call 
them ‘‘adjacent races’? and the gulls of the group re- 
ferred to ‘‘adjacent representatives,’’ also we may call 
Larus dominicensis a ‘‘foreign representative’’ of the 
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black-backs as well as a ‘‘foreign intermediate’’ between 
the two divisions of that group.* 

Many of the smaller gulls have a well-defined dark 
hood in the adult. These hooded species may be divided 
into two apparently natural groups, the first in which the 
hood is black, the second in which it is dark brown. In 
the former group Bonaparte’s gull (Larus philadelphia) 
has a great deal of white in the primaries, making a 
lengthwise band in the wing, conspicuous in life. Bona- 
parte’s gull is found in North America. In the brown- 
headed Larus ridibundus of Europe and Asia the white 
in the wing makes a similar conspicuous mark, so that 
no one seeing the two species in life could fail to note the 
great resemblance. They show distinetly what is ordi- 
narily termed parallelism. Such more or less distantly 
related, geographically separated parallels, not environ- 
mental parallels, are of not infrequent occurrence. For 
convenience we will call them ‘‘outerops.”’ 

Probably the closest relative of Larus philadelphia is 
Larus saundersi from the inland waters of China and 
Mongolia, visiting the coast in winter. This would be a 
foreign as opposed to an adjacent representative. 

Using, for the sake of familiarity, some of the same 
material we have already considered, if we contrast 
white-winged Larus philadelphia, which is common in the 
vicinity of New York, with its closest relative common 
here, the laughing gull Larus atricilla, we will find that 
the two are as different as the limits of the natural black- 
hooded group of which they are both members will allow. 
The white primaries of philadelphia are contrasted with 
the unusually dark primaries of atricilla, the mantle of 
the former is pale, that of the latter dark, and there is 
considerable difference in size. Such contrasted co- 
existing allies are of frequent occurrence, let us call them 
‘‘eomplements.’’ 

For my next example I will turn to an entirely different 
group of animals, the Spanish mackerels, fishes of the 


3See Matthew, W. D., Ann. New York Acad. Sci., 1915, Vol. XXIV, p. 
180, Principles of Dispersal. ’’ 
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genus Scomberomorus, found in warm seas of the world. 
Along the Atlantic coast of America S. maculatus is 
abundant south to Florida, and S. regalis is abundant 
about Cuba, where maculatus is practically unknown. 
Regalis is a close ally, we may reasonably say a deriva- 
tive of maculatus, from which it differs in the sealing of 
the fins, arrangement of the numerous brownish spots 
which ornament both species, and in minor characters. 
Occurring abundantly between the two and associated 
with one to the north, the other to the south, is unspotted 
S. cavalla (the kingfish of Florida), I will call such an 
interposed species an ‘‘intrusion.’’ Incidentally cavalla 
is a complement of both maculatus and of regalis. 

All the above mentioned cases of variants have this in 
common: although more or less geographical they are 
not obvious and direct responses to the environment; 
probably environment has little to do with them. (Ap- 
parently we get all the various types of variants as 
classified where such control is lacking or not essential. 
It is then pretty certain that variants occur when not 
induced by environment. Lacking contrary evidence this 
hypothesis is accepted, and cases where it apparently 
obtains are alone considered in this article, environ- 
mentally induced variants being too common and too 
generally discussed to need treatment here. 

Let us go over the various types of variants, begin- 
ning with the simplest, and discuss them in relation to 
their probable origin. The admittedly inherent tendency 
to variation in any form would be sufficient, where the 
form is widely distributed, to break it up into adjacent 
races. Adjacent representative species are pretty obvi- 
ously derived from adjacent races. Even temporary 
isolation so readily explains this slight advance and is so 
easily assumed, that perhaps we should look no further 
for explanation. So far we have trodden familiar 
ground scarcely worthy of mention, and the hypothesis, 
that namely, probably on account of competition, closely 
related forms are antagonistic, is conservative enough. 
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If this hypothesis which seems to fit into the known facts 
with surprising neatness, be accepted, the writer believes 
that it will explain a force in direct opposition to the 
commingling of blood along a line of geographical de- 
marcation of adjacent races, tending to drive those races 
apart in structure and making possible the derivation 
from them of adjacent species without geographical 
isolation. In fact we find in the incompatibility of 
closely related forms a powerful centrifugal force for 
differentiating species and forcing them apart*—and it 
also explains complementary coexisting forms, as _ it 
would tend to make coexisting forms complementary and 
would not act to change or eliminate them if they already 
were so. In the case of the foreign intermediate we have 
a geographically isolated form less influenced by the cen- 
trifugal forces, therefore varying less, retaining inter- 
mediate or primitive characters. This centrifugal force 
should always be considered as balanced against blood- 
relationship, doubtless the chief cause of resemblance in 
species. In the outcrop we have a case where the centrif- 
ugal force is inoperative and the centripetal tendency 
brings about a parallelism different in fundamental na- 
ture from the more familiar environmentally induced 
parallels. 

There seems to be an analogy between the outcrop and 
homologous rectigradations in Paleoevolution. 

Having given this rather concentrated outline of my 
hypothesis and the class of facts it is designed to explain 
it will not be out of place to mention other widely seat- 
tered examples of the important classes of variants al- 
luded to. I will begin with the foreign intermediate. 

Trichiurus is a long band-like silvery fish with a fila- 
mentous tail found along the shores of warm seas, where 
also occur numerous representatives of the Seombroid 
or mackerel-like fishes. The two are utterly unlike, yet 
a clear line of relationship is found through intermediate 
forms (for instance Lepidopus) from the ocean depths. 


4See, however, Gulick, J. T., ‘‘Evolution, Racial and Habitual,’’ 1905, 
p. 258, 


570 THE AMERICAN NATURALIST [ Vou. L 


Lepidopus and its confreres are a foreign intermediate 
family between the mackerels and T'richiurus, as Larus 
dominicensis is a foreign intermediate species between 
the two closely related types of black-backed gull in the 
north. Please note another analogy. The fundamental 
philogenic Scombroid characters of Lepidopus are a 
direct response to life at the surface of the mackerel 
group. Though an intermediate it is impossible (as it is 
difficult in Larus dominicensis) to believe that it occupies 
the primitive habitat of the group. Other fishes which 
have persisted in regions distant from the center of 
ichthyological competition, namely the marine shore line, 
as in the deep sea or in fresh waters, are in a sense foreign 
intermediates. Before leaving Trichiurus let us glance 
at its ancestry. The deep-sea .Lepidopus-like fishes 
would have little chance in competition with the 
mackerels in surface waters. They form in a sense a 
rectigradation (again apologies to Paleontology) de- 
velopment from the mackerels of which T'richiurus is the 
terminal member; but Trichiurus is so unmackerel-like 
that it may and does inhabit the same waters with the 
mackerels; it is broadly speaking complementary to 
them. 

The tree squirrels are connected with the ground in- 
habiting spermophiles through the chipmunks (Eu- 
tamias, Tamias and Callospermophilus). Our common 
eastern chipmunk (Zamias) is a boldly marked animal 
in appearance very much resembling the Rock Squirrel 
(Callospermophilus) of high altitudes of the northwest. 
The resemblance is more striking than the closeness of 
blood relationship would presuppose, and Callosper- 
mophilus may be characterized in this connection as an 
outcrop. The forms of Hutamias inhabiting the same 
regions as Callospermophilus and sometimes found asso- 
ciated with it, are very unlike that animal, and form a 
very good complement with it. ‘The eastern chipmunk is 
a foreign intermediate in superficial characters between 
Callospermophilus and western Eutamias. Interlocking 
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of foreign intermediate and outcrop in this case is in- 
teresting, it may or may not be significant. Inhabiting 
more or less the same region as Callospermophilus, as 
do western Eutamias, are other spermophiles. They are 
however speckled or plain colored, little marked for the 
spermophile group, complements of it, whereas widely 
separated from it, to the south and east occur sper- 
mophiles with sufficient striping to perhaps be considered 
foreign intermediates between these two northwestern 
types of spermophile. The above discussion will show 
how in a single group of mammals, ground squirrels, 
there exist the various types of variants which have 
been differentiated above in discussion of fishes and 
birds. 

The most favorable region for fish development and 
the center of evolutionary competition for fishes is the 
tropical coral reef. A great many species have the habit 
of seeking protection among the projections and crevices 
which there occur in abundance, and these as a rule are 
very brightly colored, blue, vellow, green, red, or marked 
‘with bold bizarre patterns in endless variety. The 
theory has been advanced and quite generally accepted 
that the colors harmonized with the brightly colored 
corals, ete., over which they occurred, but the fact seems 
to be that although with occasional spots of color the tone 
of the reef as a whole is comparatively uniform, these 
bright-colored fishes are very conspicuous swimming 
over it, in fact give it a good deal of its brilliant appear- 
ance. Butterfly fish, wrasses, chromids, parrotfish, ete., 
belong to this bright, varied crowd. They are safe from 
all enemies among the labyrinths of the reef and in their 
evolution have not felt the necessity for concealment.® 
Neutral tones are closer the one to the other than the 
bright and bizarre, therefore from centrifugal force we 
should expect, as we find, the bright and bizarre. 

Brilliant birds amidst a luxuriant foliage simulate the 
conditions and the security of reef fishes and frequently 


5 Reighard, J., Public. Carnegie Instit., Washington, 1908, No. 103. 
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have similarly bright and striking plumage, especially in 
the males, though the sitting females may be dull. The 
bright colors of the males may readily have been ac- 
quired under control of similar forces. I do not mean 
to rob sexual selection of its reputed force, but indica- 
tions are that it is not entirely responsible for all that 
might be laid to its door. The genus Dendroica of small 
active arboreal birds has developed numerous bright, 
varied and beautiful colors. Two species perhaps as 
closely allied as any others are the Blackpoll Dendroica 
striata and Bay-breasted warblers, Dendroica castanea. 
It is interesting to find them very fair complements, the 
one of the other, in plumage of the breeding male, though 
females and young are little different; whereas the male 
blackpoll resembles in color the black and white warbler, 
Mniotilta varia, a distantly related bird of the same 
family. 

Ten years ago the writer had the pleasure of making 
the acquaintance of the beautiful grey slender-billed 
fulmar (Priocella), on the southern ocean. Sometime 
afterwards when crossing the North Atlantic he met with ° 
the northern fulmar (F'ulmarus) and was surprised to find 
the resemblance between the two so great, even carried 
to a light mark on the wing, very useful in field iden- 
tifications. Though belonging to the same family the 
two species are really not very closely allied and are an 
example of the outcrop. Another case which might be 
so considered is that of the African true larks or pippits 
which simulate our meadow larks of the family Icteride 
in color. All passerine birds are so closely allied that 
the two are not too distantly related to be outcrops, but 
there are other reasons for thinking that this case is not 
a very good one, but rather a case of environmental 
parallelism. .The black breast mark, for instance, is so 
common among ground birds that it probably has con- 
cealing value. 

The isolated islet of South Trinidad in the south At- 
lantic is remarkable in that three closely related species 
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of petrels (Genus Wstrelata) are indigenous to it. 
These are almost identical in size and build but differ 
markedly in color. Astrelata arminjoniana is bicolored, 
dark above and white below, 4strelata trinitatis is uni- 
formly dark colored, A’strelata chionofara resembles the 
former bird, but the white of the underparts spreads up 
the sides of the neck and on to the back, which is largely 
white, with dark shafts to the feathers. These birds are 
obviously very closely related and it is sometimes debated 
whether or not they are distinct species or merely color 
phases of one and the same thing.® The most convincing 
evidence, in favor of the hypothesis of distinctness 
perhaps being that arminjoniana and trinitatis, forms 
which have long been known to science, seem to breed on 
the islet at somewhat different times of the year. Chio- 
nofara has only recently been described and is so far 
known from the type specimen only. 

The writer has been particularly interested in these 
birds and has studied them carefully with a view to 
forming a definite opinion as to their relationship. The 
bicolored type of plumage represented by arminjoniana 
is perhaps the most common in the cosmopolitan pelagic 
genus AWstrelata of which it is a member, but armin- 
joniana is separated from most of the genus by the 
greater development of dark color on the side of the neck 
forming a sort of dark collar. Several uniformly dark 
colored strelata also occur in various parts of the 
world, comparable to trinitatis. "The third and recently 
described form is complementary in color to trinitatis, 
being very white for the genus, and complementary in 
pattern to arminjoniana, having the side of the neck 
white instead of unusually dark. 

If we had three recently evolved forms breeding on the 
same islet, complementary plumage is what would be ex- 
pected, and that the three types of Mstrelata from there 
show such plumages is good evidence that they are bona 
fide forms, not color phases. 


6 Murphy, R. C., The Auk, July, 1915, XXXII, No. 3, pp. 342-344. 
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What color phases are is a matter aside from the 
thread of the paper but the consideration of this case 
has led so close to the interesting unsettled problem that 
the writer hopes to be pardoned for calling attention to 
certain things about them which he has noticed and 
which seem to hold good pretty well. First, they are 
limited to about four manifestations. The timber wolf, 
Canis occidentalis we are told is gray, white, black, or red. 
The gray squirrel (Sciurus carolinensis) is gray or black. 
The black bear (Ursus americanus) black (normal), 
white (glacier bear) or red (cinnamon bear). The red 
fox (Vulpes fulvus) gray (cross fox), black (silver fox) 
or red (normal). The screech owl is gray or red. 

Students of heredity have shown that the normal gray 
coat of a wild guinea pig is a composite of black, white 
and red, which has been broken down by breeding into its 
constituent parts so that we get black guineas, red 
guineas, white guineas and guineas with the colors in 
patches. The colors, vou will notice, are the same as 
those of the color phases occurring in nature and it 
seems probable that color phases have come about by a 
similar breaking down and reduction of the normal 
colors in a species, and have definite limits bevond which 
they are not likely to go. 

In conclusion one might go on indefinitely demonstrat- 
ing the application of the rough classification of non- 
adaptive variants proposed in our initial paragraph, 
limited only by the number of forms one could call to 
memory. Jf the significance of the classification has not 
been exaggerated it is difficult to find another theory 
which fits as well with the existing phenomena as the one 
advanced of a centrifugal force, though it is a pure theory 
and its acceptance a matter of individual taste. 


SHORTER ARTICLES AND DISCUSSION 
TABLES OF LINKAGE INTENSITIES 


In the July, 1916, Narurauist, Professor Emerson gives con- 
venient formule for calculating linkage intensities. His formula 
(L) is especially useful because it is applicable either to cases of 
coupling or to cases of repulsion. I had independently worked 
out empirical formulae for calculating coupling and repulsion 
which are very similar to that given by Emerson ; indeed they are 
identical with it, if 1 is substituted for r in cases of coupling and 
for s in eases of repulsion. I had failed to observe, what Emer- 
son shows, that the two formule may be given a single generalized 
form. 

TABLE I 


TuE F, Ratio, 9:3: 3:1, AS AFFECTED BY COUPLING OR LINKAGE, A AND B 
ENTERING THE F, ZYGOTE IN THE SAME GAMETE 


Ratio, Cross-over to Proportion F: Zygotes 


Non-cross-over Cross-over | | 
Gametes Gametes AB | Ab | aB ab Total 
1 | 
1:% 2x4+1/2r4+1 x2) (2r +2)? 
a+1 
1:1! 1/2 9 3 3 1 16 
1:2 1/3 22 5 5 4 36 
1:3 1/4 | 41 a 7 9 64 
1:4 1/5 66 9 9 16 100 
1:5 1/6 | 97 11 11 25 144 
1:6 1/7 | 134 13 13 36 196 
1:7 1/8 | 49 256 
1:8 1/9 | 226 oat <a 64 324 
1:9 1/10 | 281 | 19 | 19 81 400 
1:99 1/100 29,801 199 | 199 9,801 40,000 
Limiting values?............. 3 0 | 1 4 


T had also found it convenient, for my own use, to make out 
and enter in my notebook tables of equivalent gametie and zygotic 
series, so that when a suspected ease of coupling or repulsion 
comes to notice the nearest integral gametie series can at once be 
determined by inspection of the table, without making the caleu- 

1 No coupling. 

2 Not distinguishable from the case in which A and B are due to a single 
genetic factor. 
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lation anew. With the idea that these tables may possibly be 
useful to others, they are given herewith. In making use of such 
tables it is necessary only to reduce to the basis of a common total 
the observed F, zygotic series and any series of the table with 
which a comparison is desired. The total given in the table is in 
each case the lowest one which involves no fractions. If one uses 
the tables, such formule as Emerson’s (II-IV) will not be found 
necessary in estimating the strength of the linkage. Moreover 
those formule are less useful than tables in dealing with the modi- 
fied dihybrid ratio, 9:3:4, which happens to have been the first 
ease that I encountered in my own work. The modified ratio as 
affected by linkage may be read directly from the table by com- 
bining elasses aB and ab. 


TABLE II 


THE F, RATIO, 9: 3: 3:1, AS AFFECTED BY REPULSION (NEGATIVE LINKAGE), 
A AND B ENTERING THE F, ZYGOTE IN DIFFERENT GAMETES 


Ratio, Cross-over to Proportion Zygotes 
Non-cross-over Cross-over 
Gametes Gametes AB | Ab aB Total 


43 | | (24-42)? 
x+l1 | | 

1/2 | 3 | 3 | | 16 
1/3 g | | 36 
1/4 3: 5 | 5 | | 64 
1/5 é 24 | 24 | | 100 
1/6 35 | | 144 
1/7 ¢ | 8 | 196 
1/8 2¢ 33 256 
1/9 | 30 | 324 
1/10 y 99 | | 400 
1:99 | 1/100 9,999 | 40,000 


Limiting values!............. | 4 


3 


ist 
1:2 
1:3 
1:4 
1:5 
1:6 
1:8 
1:9 


3 No repulsion. 
4 Not distinguishable from the case in which A and B are allelomorphs. 


W. E. Caste 
BusskEy INSTITUTION, 
July 10, 1916 
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